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PREFACE

The extension phase of the Orbital Service Module (GSM) Systems Analysis Study
was conducted to further identify Power Extension Package (PEP) system con-
cepts which would increase the electrical power and mission duration
capabilities of the Shuttle Orbiter. Use of solar array power to supplement
the Orbiter's fuel cell/cryogenic system will double the power available to
payloads and more than triple the allowable mission duration, thus greatly
improving the Orbiter's capability to support the payload needs of sortie mis-
sions (those in which the payload remains in the Orbiter).

To establish the technical and programmatic basis for initiating hardware
development, the PEP concept definition has been refined, and the performance
capability and the mission utility of a reference design baseline have been
examined in depth. Design requirewn .nts and support criteria specifications
have been documented, and essential iuplementation plans have been prepared.

Supporting trade studies and analyses have been completed.

The study report consists of 12 documents:
Volume 1 Executive Summary
[_Volune PEP Preliminary Design Definition_]
PEP Analysis and Tradeoffs

Volume

Volume PEP Functional Specification

Volume PEP Environmental Specification

Volume PEP Logistics and Training Plan Requirements

Volume

2
3
y
5
Volume 6  PEP Product Assurance
7
8 PEP ‘verations Support
9

Volume PEP D=3ign, Development, and Test Plans
Volume 10 PEP Prcject Plan
Volume 11 PEP Cost, Schedules, and Work Breakdown Structure Dictionary

Volume 12 PEP Data Item Descriptions
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Questions regarding this study should be directed to:

Jerry Craig/Code ATY

Manager, Ortital Service Module Systems Analysis Study
National Aeronautics and Space Administration

Lyndon B. Johnson Space Center

Houston, Texas 77058, (713) 483-3751

D.C. Wensley, Study Manager, Orbital Service Module Systems Analysis Study
McDonnell Douglas Astronautics Company-Huntington Beach

Huntington Beach, California 92647, (714) 896-1886
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Section 1
INTRODUCTION

The extension phase of the Orbital Service Module (OSM) System Analysis Study
was a 7-1/2 month study for continued development of engineering and program-
matic data in support of the NASA-Johnson Space Center Power Extension Package
(PEP) Project. The study centered on detailed PEP design definition to support
Space Transportation System (STS) capability evaluation in a manner that is

responsive to NASA missions and requirements.

The schedule and key milestones for the 10 study tasks are shown in Figure
1-1. Design Definition, Task 1, provided PEP system and subsystem preliminary
design for the flight and ground equipment. The design reflected the results
of Task 2, which consisted of 21 separate supporting analyses and trades.

Tasks 3, 4, and 5, Supporting Analyses, defined support requirements, provided
operations analyses and trades, and assisted PEP supporting technology activi-

1979
| JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG |

L DESIGN DEFINITION - TASKS 1 AND 2 ]

[SUPPORTING ANALYSIS - TASKS 3.4, AND 5]

[ [NTERFACE ACTIVITIES - TASK 6 |
L PROGRAM PLANNING -~ TASK 7 AND 8 B
[___USER REQUIREMENTS - TASKS 9 AND 10]
$ $ $ 4
INTERFACE FREEZE DESIGN FREEZE AND FINAL  FINAL

REFERENC
CONFIGURATION
DEFINITION AND
PLANNING

CONCENTRATED
PEP DESIGN
EMPHASIS

Figure 1-1. PEP Detail Definition Phase Schedule and Milestones for 1979
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ties. Outputs of these tasks included the Environmental Specification, Product

Assurance Specification, lLogistics Plan Requirements, Training Plan Require-

ments, and PEP cperations support material.

PEP functional and physical interfaces with the remote manipulator system

(RMS), the Orbiter, and the solar array were defined in Task 6, Interface

Analysis.

Design, development, and testing were planned in Task 7, and the PEP Program

Plan was updated in Task 8.

Task 9 updated performance requirements imposed upon PEP through involvement

of potential users. A pzrallel objective evaluated the PEP design from a user

standpoint. Task 10 included analysis to support the PEP design and the pro-

gram comparison analysis that evaluated and compared PEP program options.

1.1 PEP MISSION REQUIREMENTS

PEP mission requirements are summarized in Table 1-1 and discussed in detail

in Section 2. The requirements were derived during the original study for the
Spacelab sortie missions scheduled in the October 1977 STS Mission Model. Dur-

ing the extension phase of the study, the requirements were expanded through

Table 1-1. PEP Mission Requirements

Item

Requirement

Mission

Launch site

I0C

Power level
Power type
Duration
Inclination
Altitude
Orientation
Acceleration
RMS

Shuttle sortie missions

Integration and launch from Eastern Test
Range (ETR) or Western Test Range (WTR)

1983

29 kW

28V regulated to Orbiter bus

20 days minimum at 21 kW and 55-~deg inclination
28.5 t- 104 deg

100 to 600 mm

All attitude

No degradation of Orbiter low-g capability

No impact on payload use when PEP is not
deployed

/V/
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the addition of other mission models and the results were reviewed with
specific potential users.

The general requirement for PEP is to retain or increase current Orbiter capa-
bility while increasing available power and mission duration. General program
guidelines include minimum impact to the Orbiter for scar and accommodations
and retention of the RMS usefulness in its primary mode. Solar array concepts
are to be based on NASA-developed solar electrical power (SEP) technology and
commonality features are to be preserved for future related missions (i.e.,
SEP and Power Module),

1.2 REFERENCE PEP DESIGN
The reference PEP design is shown in Figure 1-2 in terms of major hardware

elements. Section 3 discusses the PEP system and subsystem designs in detail,

The PEP is a solar electrical power generating system to be used on the Shut-
tle Orbiter to augment its power capability and to conserve fuel cell

crycgenic svpplies, thereby increasing power available for payloads and

POWER REGULATION AND CONTROL ASSEMBLY

® VOLTAGE REGULATORS/COLD PLATES
® SHUNT REGULATORS

e POWER DISTRIBUTION/CONTROL
® SUPPORT STRUCTURE

INTERFACE KIT

e RMS POWER CABLE

® ATTACHMENT FITTINGS
e ORBITER BAY PIPING
® ORSITER BAY WIRING

ARRAY DEPLOYMENT
ASSEMBLY

® ARRAYS AND CONTAINERS
® MASTS/CANISTERS

® GIMBAL/SLIP RINGS/GRAPPLE
® SUN SENSOR AND CONTROLS
o INSTRUMENTATION

o CORE STRUCTURE

Figure 1-2. PEP System
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allowing increased mission duration. This improvement can be seen in Figure
1-3, which gives capability for cryo tanks alone and with PEP. Mission dura-
tions of 20 days can be obtained for 7-kW power levels to the payload, 17 days
for 15-kW payload power., Larger durations can be obtained for higher inclina-
tions; for example, a mission of 48 days at 15-kw payload power level can be
obtained when the payload is launched with a 97-deg inclination.

When required for a sortie mission, PEP is easily installed within the Orbiter
cargo bay as a mission-dependent kit. When the operating orbit is reached, the
PEP solar array package is deployed from the Orbiter by the RMS. The solar
array is then extended and oriented toward the sun, which it tracks using an
integral sun sensor/gimbal system. The power generated by the array is carried
by cables on the RMS back intc the cargo bay, where it is processed and dis-
tributed by PEP to the Orbiter load buses., After the mission is completed, the

array is retracted and restowed within the Orbiter for earth return.

The PEP system, which consists of two major assemblies -- the array deployment
assembly (ADA) and the power regulation and control assembly (PRCA) —- plus

the necessary interface kit. It is nominally installed at the forward end of

16

[ et SOLSTICE

12 S —

POWER TO P+ /LCAD (kW)

DURATION (DAYS)
Figure 1-3. PEP Performance Benefits 55 Deg X 220 NM
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the Orbiter bay above the Spacelab tunnel, but can be located anywhere uithin
the cargo bay if necessary, The ADA, which is deployed, consists of two light-
weight, foldable solar array wings with their containment boxes and deployment
masts, two diode assembly interconnect boxes, a sun tracker/control/
instrumentation assembly, a two-axis gimbal/slip ring assembly, and the RMS
grapple fixture. All these items are mounted tc a support structure that
interfaces with the Orbiter. The PRCA, which remains in the Orbiter cargo bay,
consists of six pulse-width-modulated voltage regulators mounted to three cold
plates, three shunt regulators to protect the Orbiter buses from overvoltage,
and a power distribution and control box, all mounted to a support beam that
interfaces with the Orbiter.

PEP is compatible with all current.y defined missions and payloads and imposes
minimal weight and volume penalties on these missions. It can be installed and
removed as needed at the launch site within the normal Orbiter turnaround
cycle,
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Section 2
MISSION REQUIREMENTS

The PEP mission requirements derivea in the basic study have been reaffirmed
and further defined in the extension phase, 'Jser power, duration, and orbit
requirements have been the prime influencing factors on the PEP design and
were derived in the basic OSM study for the Spacelab sortie missions scheduled
in the October 1977 STS Mission Model. This mission model data was then
updated in the extension study. The orbit requirements were given directly in
the model. The power and duration requirements were derived by correlating a
time history of user ne:ds and desires with the scheduled missions. These user
power and duration needs were derived from mission planning sources (i.e.,
5-year plans, Outlook for Space, recommendations from users, etc.). The power,
duration, and orbit requirements thus derived for PEP in the basic OSM study
are summarized in Figures 2-1, 2-2, and 2-3.

POWER (kW)
a0
MISSIONS PAYLOAD ]
35| ACCOMMODATED DESIGN REQUIREMENT
THROUGH 1933{%)
96
30 29kW 'LH
. ——80
75 )
25 -60
fo— 22 | l
20 I3
N N
151 AT RN, SPACELAB (15 - 4.2 kW
10
. ORBITER (14kW) + i
s L i
! -
0= [ 1881—7 | 1982—9 1983—13 198420

Figure 2-1. Power Requirements—STS Mission Modet {Spacelab Missions)
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DURATION (DAYS)
60 u min 1

40} MISSIONS
ACCOMMODATED

THROUGH 1983(%] | 'OMINAL

9

-~————65 _L
35

1981—7 | 1982—9 |  1983—13 ] 1984—20

Figure 2-2. Mission Duration—STS Mission Model (Specelab Missions)
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DO
®

®

O o

2% o 3%
100 | S | | { { | |
30 10 50 60 70 80 % 100

INCLINATION (DEG)
Figure 2-3. Altitude snd Inclination Requirements
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The power requirements of Figure 2-1 consist of 14 kW for Orbiter housekeep-
ing, an assessment of 1.5 to 4.2 kW for Spacelab support (i.e., pallet, igloo,
mocule), plus the power requirements for the complement of payloads carried on
each Spacelab mission. The power needs were obtained from knowledge of t..e
payload requirement or by correlating the identified payload with projected
user requirements obtained from the previously mentioned sources. As cs:en, the
totals vary from 17 kW to 33 kW in the first 3 years. The suggested design
range is overlaid on these requirements, capturing between 75% and 95% of the
1981-t0-1983 missions. A 29-kW value accommodates 80% of the missions as
defined, or 23 of the first 29, a figure that would appear to be a proper bal-
ance between increased capability offered and utilization over all the mis-

siovs.

In Figure 2-2, the corresponding mission duration requirements are shown to
vary from 5 to 45 days in the first 3 years. The designh range that accommo-
dates 65% to 90% of the missions is indicat ! by the snaded area. A nominal
requirement capability of 20 days duration was selected for design purposes
although the PEP does have duration capability up to 48 days. The orbit alti-
tude and inclination requirements from the October 1977 Mission Model are
shown in Figure 2-3. The required inclination ranges from 28.5 deg to about G7
deg, with altitude from 150 mm to more that 300 mm. Additional benefits would
be increased if inclination range was 28.5 to 104 deg and altitude range was
increased 100 to 600 nm to be compatible with Orbiter.

During the extension phase of the PEP study, duration requirements were
further defined .nd reviewed with specific potential users. They included
various NASA center personnel cognizant of the payload needs of the first few
scheduled Spacelab missions (SL-1 through SL-5), the NASA JSC Science Panel,
and those responsible for mission planning in the Office of Space Sciences and
Of fice of Space and Terrestrial Applications. A summary of the initial
Spacelab Mission requirements is shown in Figur¢ 2-4. Tnese missions are cur-
rently scheduled to be accommodated by baseline Orbiter. The common note for
each mission is that additional energy (power times duration) is needed to
satisfy the basic mission needs or desired to more effectively utilize the
planned experimental equipment. These data reaffirm the needs for increased

power and duration determined in the basic PEP study.

oot o Y, 2

v e e e



ORBIT PAYLOAD
SPACELAB INCLINATION/ POWER DURATION
MISSION PAYLOAD ALTITUDE (kW) (DAYS) USER COMMENTS
P 57 DEG/135 NM 6.7 7 ENERGY SHORT
1 LM ANDPALLET ‘ WITH 4 TANK SETS
2 3 PALLETS 57 DEG/225 NM 6 9 300 kWh SHORT
PHYSLICSI WITH 5TH CRYO SET
ASTRONOMY CURRENTLY
OVERWEIGHT
3 LM AND PALLET 57 DEG,200 NM 1.7 8 ENERGY SHORT
PROCESSING, LIFE WITH 5 CRYO SETS
SCIENCE EART*
OBSERVATION
4 LM-LIFE SCIENCE 28 DEG/160 NM T8D 10 DESIRE INCREASED
PALLET-PHYSICS POWER, DURATION,
AND ASTRONOMY WEIGHT
5 SM + 3 PALLETS 57 DEG/216 NM T8D 7 WOULD LIKE MORE
PHYSICS AND POWER AND
ASTRONOMY DURATION

Figure 2-4. Early Spacelab Mission Reguirements

Figure 2-5 shows a comparison of the mission model data sources available for
use. The number of flights originally planned for the October 1977 Mission
Model have been reduced by Jesse Moore data, the Flight Assignment Manifest
(1300-0-6P), and other data. The distribution of flights, in terms of inclina-

tion and altitude regimes, remains unchanged. PEP must still accommodate the

full Orbiter mission regime.

The above-mentioned contacts wi*h potential users resulted in more detailed
definition of how PEP would be used on particular missions. For example, the
Spacelab 4 mission scheduled for 1982 is primarily a life science mission
(long module) plus an art-mounted pallet for physics and astronomy if that
experiment could be accommodated. Though the specific payload for SL-U4 is now
being selected, candidate areas shown in Figure 2-6 illustrate the advantages
of a capability for longer duration. Longer duration (up to 48 days) would
allow a more complete set of data being gathered. The relative value of longer
duration in terms of amount of data collected is shown in Figure 2-7. Some

types of experimentation show no increase but most show a significant increase
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FISCAL YEAR

§. MODEL  PARAMETERS ' 81 |82 | 83 | &4 l 85 | % 1 aLLseJ asl 20 1 9 |
- 10.77 [ INCLINATION, 6 8 10 17 20 2 23 2 23 2 23 20
ALTITUDE,
.. SIZE, WEIGHT.
i DURATION
. POP 791 | LAUNCH SITE 1 4 9 9 13 17 W 19 18 17 19 156
- SORTIE 13000-0-6P { INCLINATION, T 4 2 8
i ALTITUDE,
.. CONFIGURATION
J. MOORE % A% 4% 6% 17
ORBITER L B | 5 9
OPTION 1
\
Figure 2-5. Mission Model Data Base
RESEARCH AREA 7-DAY MISSION A8-DAY MISSION
CARDIOVASCULAR ADAPTIVE CHANGES STH STABILIZES INLESS
DECONDITIONING IN PROGRESS THAN 42 DAYS; ENTIRE

BONE DEMINERALIZATION

LOSS OF RED BLOOD CELL MASS

GENETICS

MORPHOLOGY AND DEVELOPMENT DEVELOPMENT STILL IN PROGRESS-

(€.G., FROG)

DETECTABLE ONLY. CHANGES
STILL IN PROGRESS

CHANGES STILL IN PROGRESS

LESS THAN ONE FRUIT FLY

GENERATION

10%

Figure 2.6. Life Sciences Duration Requirements of Spacelab 4
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MECHANISM CAN BE
STUDIED

MEASUREMENTS AT 14, 28,
AND 42 DAYS PERMIT
CORRELATION WITH OTHER
LOSS FACTORS

MAXIMUM IN 20-40 DAYS-
CAN MEASURE DURING
"TURNAP.OUND "' PERIOD

14 DAYS FOR EGG TO MATURE
ADULT: 2-3 GENERATIONS

80% DEVELOPMENT ADEQUATE
FOR DEFINITE CONCLUSIONS
ON GRAVITY EFFECTS
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PROCESS VARIATION
WITH TIME

STEP CONSTANT
o SPECIMEN GENERATION

. Y
NOMINAL STUDIES, I.E., FRUIT FL

L gy CONSTANT

o PLANT GROWTH

o ANIMAL DEVELOPMENT

o BONE AND MUSCLE
DETERIORATION

DECREASING
CARDIOVASCULAR
RED CELL LOSS

POSTURE/EXERCISE

FINITE
o RODENT GESTATION

FIXED
e FLUID REDISTR'SUTION
e VESTIBULA'¢ CHANGES

| | ! 1
20 30 40 50

DURATION (DAYS)

Figure 2-7. Number of Measurements and/or Amount of Data Increase With Time (Life Science Payloads)

in value as duration capability increases. Duration longer than a nominal 6
days with baseline Orbiter is of even more importance when one considers the
experiment setup, zero-g accommodation (sickness), and take-down activities

needed that would take about 1-1/2 days out of the nominal time period.

A review of tr2 user requirements for orientation, stability, accelerations,
and cleanliness indicate that the baseline Orbiter capabilities must be pre-

served. PEP therefore must not detract from these capabilities.
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Section 3
SYSTEM 'ND SUBSYSTEM DESCRIPTION

3.1 PEP SYSTEM

3.1.1 System Requirements

The system requirements to whic the PEP concept is designed were derived from
the mission requirements 1iscus ed in Section 2 and summarized below. Detailed

requirements are documente! in the systems specification.

Missions PEP must De su.table for use as needed on Shuttle Sortie
missions (i.e., Spacelab)

Launch Site Capability of integration at and launch from ETR and WIR
must be maiatained

I0C 1983

Power Level 29 kW regulzted 28 V to Orbiter bus

Duration 20 days at 2' kW at 55-deg inclination (up to 48 days capa-
bility is av .dlable)

Inclination 28.5 to 104 deg

Altitude 100 to 600 mm

Orientation All attitude-pointing capability for payload bay-mounted
sensors will be maintained

Acceleration PEP will not degrade the low-g capability of Orbiter

RMS Impact PEP will use the RMi yet nc. ramper its ability to sepa-

tely serve payloacs as nee.ed when PEP is not in use.

3.1.2 Svstem Performance

The performance of PEP, in terms ¢of ~ower and duration capability, is a func-
tion of those parameters that infl :nce the time in sunlight per orbit, i.e.,
inclination, altitude, launch, ' ne of year, time (f day, eccentricity, etc.
The actual mission performanc : is then dependent upon the specification of
these parameters. For illustrative purposes, the PEP power/duration capability
is discussed in the following paragran.s, as it 1s affected by these

parameters.,
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The basic orbit inclination envelope of power/duration capability for PEP is
shown in Figure 3.1-1. For an east launch (28.5-deg inclination), the duration
varies from 10 to 19 days depending on the payload power used. At 7 kW (nomi-
nal level offered by baseline Orbiter), the duration capability is 12 days.
This increases with orbit inclination to 20 days at 55 deg, 27 days at 80 deg,
42 days at 90 deg, and 48 days at 97 deg (suu-synchronous). These capabilities
are for four cryo tank sets (the nominal Orbiter complement) and compares to
the 5-to-6 day capability of the Orbiter without PEP using cryogens only for
power. The capabilities given are for a 220-mm altitude and a 3-kW fuel cell
idle level during the sunlight portion of the orbit. AL 97 deg, the orbit is
in full sun for the 48 days of mission duration; the user power can then be a
full 15 kW to the payload, thus the vertical line on F.gure 3.1-1. Duration is
limited by the cryogen consumption in all cases; it is 48 days at sun-

synchronous using the fuel cells at the idle level only,

The effect of orbit altitude on PEP capability is shown in Figure 3.1-2. The
solid line indicates the mission duration capability as a function of altitude

for several inclinations, assuming a 7-kW payload power load. The duration

INCLINATION (DEG)
B [ 97 (SUN-
25 P 8 % SYNCHRONOUS)

10

POWER TO PAYLOAD (kW)

0 10 20 30 4

MISSION DURATION (DAYS)

0 50

Figure 3.1-1. PEP Detail Definition Phase Schedule and Milestones in 1979
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o0 s DURATION
o= ame PAYLOAD
A
>
<
Q el
5
S0l SUN-SYNCHRONOUS 350 5
g i‘NDEE B S o
gw- ) %M\ ‘“g
S %0 T i= 80 DEGY <
Z 3 —_— - . - —_— o A\ X
R 97 i=55DEG =
ST g = (MIN) \ e
1] = N 4109
" <
° ! 1 ! | | | | 1 1 0~
40 60 80 100 120 140 160 180 200 220 230

CIRCULAR ORBIT ALTITUDE (NM}

Figurs 3.1-2. PEP Performance: Ah Effect 3-kW Fuel Call Idle, 7-kW Payload Power, Four Cryo Sets

capability is not a strong function of altitude for the conditions shown. The

dashed-line overlay is the projected Orbiter payload-to-orbit capability as a

function of altitude for integral OMS capability. The 56-deg performance line

is from ETR, the remaining from WTR. Oroiter payload capability begins to
reduce markedly with altitude at the knee of the curve, where the integ=al IMS
tank is full and altitude increase is then achieved by reducing payload. A

plot of the duration-payload capability at these "knees" is shown in Figure

3.1-3 for missions launched from WTR. The lower line is for the projected

O-biter capsbility with a Block II external tank, some lightweight provi-

sioning, etc, The upper line is for the JSC 07700, Vol. XIV capability. From
the lower line, a 48-day, 97-deg mission at 170 mm can accommodate 20,000 1lb;

a 23-day, 70-deg mission at 155 mm can accommodate payloads up to 36,000 1lb.
For ETR launches, 40,000 1lb can be accommodated on a 56-deg, 220-nm orbit with

a 20-day duration.

The PEP capability for less than the nominal four cryo tank sets is shown in

Figure 3.1-U. These data would be important for missions that require a maxi-

mum payload-to-orbit capability. Such capability would be achieved by

configuring a high~payload Orbiter with, say, only two cryo tank sets.
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MAXIMUM DURATION (DAYS)

97 DEG
40 -
30 -

155\
70 DEG \f 170
20k INCLINATION —cemer ALTITUDE
55 DEG
(NM)
101
0 1 | 1
0 10, 000 20, 000 20, 000 40, 000

NET PAYLOAD AVAILABLE (LB)

Figure 3.1-3. PEF Launch Capability from WTR

POWER TO PAYLOAD (kW)
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Figure 3.1-4. PSP Performance Benefits 55 Deg x 220 NM

4

o~

MCDONNELL DOUGL:)S(}_

P TP T I

LS

16



Orbiter would then be able to lift an additional 3,300 1b for a short delivery
mission yet retain the option, with PEP, of flying extended duration to about

12 days at a 55-deg orbit. The mission could be extended to 20 days at 97 deg.

PEP performance has been quoted here as average power capability for a mis-
sion; however, the use of full power capability (29 kW with 15 kW for
n2yloads) can be implemented while in the sun portion of the orbit without any
duration penalty. On most umissions, the time in the sun varies from about 63%
to 100% of the time, so this full-power capability could be invoked much of
the time. In addition, higher peak-power capability is available by operating
the fuel cells with the solar panel on the daylight portion of the orbit. Over
50 kW could be supplied for short durations, up to 15 min. Payload wiring and
cooling provisions to handle the increased loads would be added in kit form,

The duration capability is affected by time of year becauvse of avaiiavi2 sun
angle relationships. Figure 3.1-5 shows the duration achievable with PEP as a
function of time of year for various orbit inclinations for a 220-nm altitude.

A favorable sun-synchronous condition can be achieved any day of the year.

97 DEG (SUN-
SYNCHRONOUS)

90 DEG
73
>
<
<}
Z
Q
[ 7
< 80-DEG ORBIT
S INCLINATION
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3
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<
3
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= e T  28.5DEG
MIN 3 .
5| POWER TO
PAYLOAD (kW)
()}
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LAUNCH DATE

Figure 3.1-5. PEP Performance — Launch Date Effects Attitude = 220 NM
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Solstice conditions are most favorable for 28.5-deg and 55-deg orbits because
they allow the achievement of high (near 90 deg) Beta angles. Beta angle is
the angle between the sun line and its projection c. the orbit plane. At 80
deg, the solstice and equinox conditions are similar enough to give a fairly
flat variation with time of year., At 90 deg, the equinox portion is most
favorable, These capabilities are contingent upon launching at the proper time
of day to obtain favorable Beta angle relationships.

“The effect of launch time of day on duration is shown in Figure 3.1-6. Each

curve is shown for the most favorable time of year for each inclination, i.e.,
solstice or equinox. At sun-synchronous (~97 deg), the optimum time of launch
is near 0600 hr. The window is fairly long, ~2 hr, and it increases as the
desired duration capability is reduced. For missions of lower inclination, the
launch window increases. These windows compare favorably with a normal launch
window of about 1" min needed to effect rendezvous at high inclination. Figure
3.1-7 shows the effect of time of day of launch and duration capability for a
97~deg 220-nm orbit. An equinox condition is shown to illustrate the earth
surface sun illumination angle relationships. An 0600 launch would place the

orbit at the terminator and allow the longest mission duration. For lower sun

50 |- e §5 DEG, SUMMER SOLSTICE
—— seeeee++ 80 DEG, SUMMER SOLSTICE

| = == == 90 DEG, AUTUMN EQUINOX *
* i \ = = «= SUN-SYNCHRONOUS, AUTUMN ,/ \
] EQUINOX

40 | ,‘ / \\
g , 7 1\ / / \\
« B M 7 5 \ [} !
=} / / 1\
g wop- , / \‘
- [ ’ , \
af | AR
o , . . / \ \
5 o - \
= , o° , ] \
§ 15 = ' ...nooo.‘
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Figure 3.1-6. Mission Duration — Liunch Window Effect 3-kW Fuel Cell Idle, 4 Cryo Sets;
h = 220 NM, 7 kW to Payload
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Figure 3.1-7. Mission Duration — Sun Illumination 97-Deg, 220-NM Orbit, 7-kW Payload Power,
Autumnal Equinox

angles, the duration capability decreases to 12 aays for a noon launch. Even-
ing launches then allow an increase up to 42 days at 1800 hr. Thus the effect

of particular viewing needs on mission duration can be determined.

The eff.ct ot elliptic orbits on dur~tion capability was examined for PEP.
Figure 3.1-8 illustrates the sensitivity for a 55-deg orbit. at a 100-nm cir-
cular orbit, the duration capability is 17 days. If apogee is increased, while
maintaining a 100-nm perigee, the duration capability is increased as shown
(i.e., 1 day for each 100-nm increase in apogee). The Orbiter limits achieva-
ble apogee altitudes to about 500 nm for integral orbital maneuvering system
capability; thus, the duration increase is limited to about 5 days over the
nominal (reference 17 days). Other Orbiter missior ;zi formance capabilities,
such as acceleration, pointing, maneuvering, and payload heat rejection, have
been examined with respect to PEP. In all cases, the nominal Nrbiter capabil-
ity has been maintained or improved by the use of PEP. Figure 3.1-9 shows an
acceleration capability comparison for a low-g mission where the Orbiter is

flying an X-axis along the local vertical (gravity-gradient mode). At 160 nm,
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Figure 3.1-8. Elliptic Orbit Capability, i = 55 Deg
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Figure 3.1-9. Acceleration Levels
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the drag acceleration with PEP is about twice that of Orbiter alone, but the
level is still below that seen by payloads due to expected gravity-gradient or

aer. -induced oscillations,

Attitude control and pointing capability is unaffected by PEP in terms of
accuracy. Analysis indicates thac the vehiclie may reside toward one side of an
attitude dead zone a bit more with PEP, yet would still be within the nominal
accuracy requirement. A negligible effect on propellant bwudgeting is needed,
due to PEP, for expected operating altitudes (>100 mm). The payload heat-
rejection capability, using PEP, is increased over the nominal Orbiter because
the fuel cells operate at idle level when the orbit is in the sun; thus, the
amount of waste heat from the fuel cell that must be dumped is reduced. Tais
capability gained can then be used by payloads as needed.

3.1.3 Gystem Description

Figure 3.1.3-1 illustrates the PEP concept in a representative configuration.
The major elements of the system are the ADA, the PRCA, and an interface kit
which contains PEP-to-Orbiter and RMS interface provisions, including RMS

power cable, attachment fittings, and Orbiter bay wiring and plumbing. PEP

system characteristics are summarized in Table 3.1.3-1.

ROTATING
CANISTERS

(TUNNEL
OMITTED
FORWARD & FOR CLARITY)

\

\. POWER REGU'ATION AND
\ CONTROL ASSEMBLY
© BEAM MOUNTED

Figure 3.1.3-1. PEP Reference Installation (Two-Beam Configuration)

ARRAY CEPLOYMENT
ASSEMBLY

© STRONG BACK
CONFIGURATION
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Table 3.1.3-1. PEP System Characteristics

Power and duration
(PEP/Orbiter)

PEP power output
Load interface
PEP interface

Output voltage
Array size

Stowage location
Stowage configuration
Deployment

Array rotation

Weight

Heat rejection

21 kW, 20 days at 5%-deg inclination =t
29 kW, 17 days at 55-deg inclination - b
29 kW, 48 days at 97-deg inclination

2t .3 kW gross BOL .
26.9 kW gross BOL

32.6 V 40.1 (PEP regulation mode)
2 SEP-type wings, 3.84 X 37.8 meters each

Over Spacelab short or long tunnel, aft loca-
tion optional

Dual wingbox; rotating canister; trunnion/latch
attacrment

Remote manipulator system

Scparation gimbal/torquer drive using sun
sensor control
RMS inactive except :Juring Orbiter maneuvers

PEP, 2,266 1b; Orbiter attach fittings, 85 1b

Uses Orbiter fluid loop and radiation. Flash
evaporator supplement; some orientations

Both the ADA and the PRCA are norm=lly stowed at the forward end of the
Orbiter bay, but can be located anywhere within the cargo bay if nceded. The
forward location is the most crucial design point for PEP because of the prox-

imity of Spacelab module and tunnel or pallets and igloo for thc all-pallet

configuration. The Orbiter/PEP retention provisions are shown in Figure

3.1.3-2.

The ADA shares two standard Orbiter bridge fittings with the Spacelab short

tunnel and one standard bridge fitting with the Spacelab module; three
remct~ly operated lightJeight custom retention latcl .c retain the ADA within

the Orbiter and allow the ADA to be mounted over Spacelab standard pallets.
The PRCA is installed forward of the ADA on two custom lightweight bridge

fittings which prov.de clearance for mounting adjacent to the RMS mounting;
the PRCA trunnions are locked into bridge fitting journals for lateral load

reacntion.
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VIEW A-A ONLY ON STARBOARD SIDE

Figure 3.1.3-2. PEP Retention Provisions

On orbit, the ADA “ 5 grasped by the .S using a standard end effector and
moved outside the Orbiter bay. The ADA is then positioned to allcw the mission
and payload orientation requirements to be met while allowing solar array
alignment normal to the sun line. The selected location could be at the left
or right side of the Orbiter, below, or in front as needed, to best satisfy
mission objectives. When the optimum position is established by the IMS, the
RMS joint brakes are maintained loc«ed throughout the selected orientation
sequence, e.g., Y-axis perpendicular to the orbit plane. The deplryed solar
array is then aligned normal to the sun line by the two PEP gimbals. The outer
Alpha gimbal is placed by the RMS wit its axis perpendicular to tre orbit
plane; this then allows Rlpha gimbal 360~deg drive to rotate as needed in tae
plane of tihe orbit. The 0 to 90 deg Beta gimbal allows the array to adjust
toward the sun, acccunting for orbit Beta angle variations. Power is

transferred from the array across slip rings on the Alpha gimbal, through the

remotely activated RMS end effector power umbilical, and along power cables
attached to the RMS to the RMS shoulder, from where it is fed into the PRCA.

There the rower is controlled, regulated, and distributed to the Orbiter buses
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for use by the Orbiter and its payloads. The design enables the RMS to retain
the ability to serve payloads when PEP is not operational.

An exploded view of the ADA design is shown in Figure 3.1.3-3. The core struc-
ture is a box beam that provides for transverse attachment across the Orbiter
payload bay. Two solar array wing assemblies are attached to opposite sides of
the beam. The deployment canisters are mounted on top of the beam and will
undergo a 90-deg rotation prior to deployment. Also mounted to the core struc-
ture are the two diode assembly packages, which provide array module isolation
and interconnect; the two-axis gimbal/slip ring/RMS grapple fixture, which
provides array orientation, power transmission and RMS attachment; the sun
sensor and sun sensor processor, which derive control signals for array posi-
tioning; and the pointing and control eiectronics, which drives the gimbal and
provides the signal processing to feed the Orbiter displays and controls.

In performing this phase of the PEP study, several ADA configuration
alternatives have been examined. Figure 3.1.3-8 illustrates four generic

types. All of these optiors are feasible; they differ mainly in the method of

MAST ASSEMBLY (2)

, DIODE ASSEMBLY (2)

GIMBAL ASSEMBLY

- WING BOX
ASSEMBLY (2)

" STRUCTURE
ARRAY POINT NG - ASSEMBLY
AND CONTROL

FLECTRONICS ASSEMBLY

INSTRUMENTATION
AND CONTROL HARNE SSES

SUN SENSORS SIGNAL PROCESSOR
Figure 3.1.3-3. PEP ADA — Reference Configuration
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mounting canister and wing box assemblies to the core structure. The
configuration in the lower left side of the figure is a modular concept that
allows each wing box and pair of canisters to be assembled as a module and
integrated before attaching to the strongback structure. A similar .
configuration has been proposed by the Lockheed Missiles and Space Company.

Tre strongback configuration, upper right, represents the type of

configuration selected as a reference baseline for the study. This lightweight

concept incorporates a central support mechanism for the canister/mast

assemblies. This mechanism also houses the canister rotation linkages and the

compliance springs for controlling the system's structural response.

Any of the ADA configurations shown can be outfitted with fixed (off-center)
or rotating canister assemblies.

The solar array wing shown in Figure 3.1.3-5 is based on the NASA SEP array
concept; it consists of 50 hinged panels per wing of 2X4 cm solar cells atta-
ched to a flexible substrate. Although the current baseline assumes a
wraparoumd cell configuration, both conventional cells and larger cell sizes

STORED
ARRAY
PRELOAD - ARRAY
MECHANISM BOX COVER
DESIGN DATA
GUIDE WIRE o Si CELL ~ 8 MILS THICK
~ 2 X & cm WRAPAROUND
- 12.8% EFFICIENCY
PANEL HINGE e COVER — 6MIL MICROSHEET
® SUBSTRATE — 1/2MIL KAPTON WITH
INTERNAL WIRING AND
‘““‘zss WELDED INTERCONNECTS
HARN
© WING SIZE/AREA  — 3.84 X 37.8 METERS/
ARRAY 145 METERSZ
HARNESS
ARRAY — 50 PANELS PER WING
80X

®OUTPUT OF WING — 16.4-kWe RAW POWER
EXTENSION/

RETRACTION

MAST

" MAST
CANISTER d=22IN. 1= 55.7 IN.

Figure 3.1.35. PEP Array Characteristics Current Baseline
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have also been investigated. Final design selecticn will occur during early
Phase C/D.

e array is deployed and retracted by actuation of the deployable mast shown
1n Figure 3.1.3-6; the mast consists of a composite triangular truss, stored
helically wound in a canister. During mast extension or retraction, the array
folding is controlled by guide wires; when fully extended, the 3.8UX36-meter
array wing is kept under tension by the mast t., assure the required “latness.

1he mast is deployed from its canister by redundant motors driving through a
gear box that provides for two-s:ce:x operation. During the first 2 ft of mast
exter sion, the canisters are unletched and avto-rotated into deployment posi-
tion at slow speed; after latching in this position, the array is fully
extended at high speed. This sequence is reversed during retraction. During
contingercy operation, array retraction and extension can be performed manu-

ally by an EVA crewman.

The mast canister assembly is attached to the support beam through a compliant

mount which controls the frequency response of the deployec array to Orbiter-

| DIAGONAL

()

/ )\ ROLLER GUIDE

HED
. = .-‘;/5/’/

ROTATABLE NUT ~ Ty [ CCNTINUOUS
i, p ™~

\ LONGERON BATTEN

oy [/ \

DRIVE MOTORS oy ,
TRANSITION GUIDE /
55.7 IN.
/
SUPPORT TRUNNION
MAST
22-IN. DIAMETER
CANISTER
Figure 3.1.3-6. Mast/Canister Assembly
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induced loads in two axes (in the array plane and perpendicular to the array
plane). The compliant mount is locked out when the array is not deployed.

When PEP is aboard the Orbiter, the Orbiter digital autopilot (DAP) software
inhibits the length and/or frequency of vernier reaction control system (VRCS)
™m:" ses to control both available Orbiter rates and VRCS plume loads on the
array. In conjunction with the compliant mount, this restriction assures that
the array/mast will not be subjected to excessive loads and that the RMS brake
torques will not be exceeded.

The gimbal/slip ring/grapple assembly and its relationship to the RMS system
are shown in Figure 3.1.3-7. The standard RMS end effector mates physically
with the grapple fixture on this assembly and a special remotely actuated
umbilical mates with the special PEP harness installed along the RMS; the RMS
modifications do not interfere with normal RMS operations whea PEP is not in

use.
ELECTRONIC COMP END EFFECTOR
CAMERA
R{\DIATION AREAS AMS ARM
M-S, 8 s oo SO e B e 2 g
! (RS AN .
' S
SHOULDER PITCH ELBOW WRIST PITCH
PITCH RIST ROL
1
ilI ;L‘? SHOULDER YAW WRIST yaw / WRIST ROLL
Ll RMS/PEP INTERFACE
PEP POWER CABLE
RMS:’ORB”ER VIEW LOOKING |NBOARD - PORT S'DE UMB[L[CAL
INTERFACE
ALPHA GIMBAL
SLIP RINGS
SPEE w AND BRUSHES GIMBAL BRACKET
\\ a0
STRUCTURE
POWER
CABLE
NS CRAPPLING 7 cpge GIMBAL RETRACTABLE
FIXED CONNECTOR
CONNECTOR

Figure 3.1.3-7. Gimbal/Slipring/Grapple Assembly
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All safety-critical latches and actuators that are incorporated in the ADA are
capable of manual EVA operation in an emergency.

The avionics equipment on the support beam (sun sensor, sun and signal sensor
processor, and pointing and control electronics assembly) provide the system
control interface with the Orbiter through the multiplexer/demultiplexer (MDM)
and data bus coupler assembly mounted on the PRCA. In addition, the Orbiter
multifunction CRT display system (MCDS), the systems management computer, and
a switch located on the on-orbit station standard switch panel constitute an
intrinsic part of the system equipment. The MCDS includes a keyboard through
which crew commands are input via the display processor to the GPC and then
relayed via the bus couplers to the MDM for control of in-bay power equipment
or are retransferred to the electronics assembly. PEP status data, transferred
from these units to the general-purpose computer (GPC), is processed and dis-
played on the CRT. Figure 3.1.3-8 shows a typical PEP status display.

The PRCA is shown in Figure 3.1.3-9. It consists of six voltage regulators
mounted on three Orbiter-type cold plates, three shunt limiters, a power dis-
tribution and control assembly, an MDM data bus coupler assembly, and appro-
priate power cables mounted to a beam support structure. As noted earlier, the
PRCA remains locked in the Orbiter during the mission.

Figure 3.1.3-10 shows the PEP electrical installation in the Orbiter. Power
coming down the RMS harness is routed along the PRCA beam to the voltage regu-
lators. Power from the PRCA interfaces with the Orbiter Main A at Station 693
on the port side and with Mains B and C at Station 636 on the starboard side;
all three circuit grounds are tied to Orbiter structure at these interfaces.
Power cables to the main distribution assemblies from these interfaces are

supplied as kit items for installation below the cargo bay liner.

The PEP electrical system is shown schematically in Figure 3.1.3-11. High vol-
tage pcwer from the arrays is provided via the RMS harness to the six pulse-
width-modulated regulators. These regulators perform two major functions: (1)
each contains a microprocessor which continuously monitors the array output
and supplies control signals to assure that the peak power from the array is

available to the system, and (2) they maintain a suitable output voltage (nom-
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( XXXXIXXX PEP CONTROL

PEP PWR XXX PWR CONN XXXXXXX CAN ROT  IXXX  2XXX
AUTOMANUAL XX MASTEXT IXXX  2XXX
GIMBAL POSITION INFLIGHT DI SCONNECT
ALPHA XXX ARM )1( )2(
BETA XXX FIRE X X
GIMBAL RATE
ALPHA XX
BETA XX

REGULATOR ADJUST LEVEL

LXXXX 2 XX XX 3 XX XX 4 XX XX 5 XX. XX 6 XX.XX
PDB SWITCH SETTING

L 1X2X3X4X5X6X

Figure 3.1.38. PEP Control Display Format

VOLTAGE POWER DISTRIBUTION BOX

LIMITER (3)

STRUCTURAL SUPPORT ASSEMBLY

POWER CABLE
FROM RMS

)

FORWARD

Figure 3.1.3-9. Power Regulation and Control Assembly
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Figure 3.1.3-10. PEP Power Distribution interfaces
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Figure 3.1.3-11. PEP Electrical Power System
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inally 32.6 V) to keep the fuel cells idling at the 1 kW needed to achieve the
sg2:cified PEP duration.

Each rezulator has internal overvoltage and current limiting circuitry and is
provided with remote sensing capability. Output of pairs of regulators is
supplied to the three Orbiter main buses.

A development PEP regulator (Figure 3.1.3-12), was constructed by MDAC using
Company funds. The unit was shipped to NASA/JSC for testing on their Orbiter
electric power distribution and control (EPDC) simulator and will be used to
verify the method of regulating the solar array output power and the Orbiter

hus interface.

The voltage regulator cold plates, which are of standard Orbiter design, are
each tied into both the primary and secondary Freon 21 loops downstream of the
Orbiter aft avionics bays. Quick disconnect and a jumper for use when PEP is

not on board support quick PEP installation and removal.

One shunt regulator is tied to cach of the three Orbiter buses via the power
distribution box; in the event a failure allows a voltage regulator to supply
more than 33 V to the Orbiter bus, the shunt regulator will draw sufficient
current to hold the bus voltage down until the regulator can be shut down.

This shutdown is accomplished automatically within 200 msec.

The deployment and mission operations of PEP are monitored and controlled at
the mission specialist console in the Orbiter aft flight deck. The deployment
sequence is illustrated in Figure 3.1.3~13 and timelined in Figure 3.1.3-14,
The RMS grapples the array deployment assembly and moves it to the deployment
assembly position where the RMS is fixed. The array is then deployed and ori-
ented normal to the sun line. The total elapsed time is 39.1 min. if all tasks
are done in series. This time can be reduced to 30.6 min., for a parallel
operational alternative, Several deployment opticns have been analyzed which
address RMS status/checkout, parallel operations, and location preferences.
The retraction/storage time required is . minutes, slightly longer, including
placement of the attach trunnions back into their latch fittings.

A typical PEP operation on orbit is shown in Figure 3.1.3-15. The Orbiter is

oriented with the Y-axis perpendicular to the orbit plane for an earth obser-
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STEP 1 — GRAPPLE ARRAY

REMOTE MANIPULATOR
SYSTEM

STEP 3 — TRANSLATE TO
OPERATIONAL
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Figure 3.1.3-13. Deployment Sequence
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Figure 3.1.3-12. MDAC Prototype Regulator
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Figure 3.i1.3-14. PEP Orbital Deployment Tinseline {Warm RMS)
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Figure 3.1.3-15. PEP Array Orientation — Y-POP Orbiter
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vation mission (Z-axis aligned along the local vertical). The Alpha gimbal
axis is perpendicular to the orbit plane and thus allows relative orbital

rotation while maintaining solar aiignment of the array. A zero Beta angle
condition is shown; as Beta chan;es with orbit regression, the operation is

the same, with the Beta gimhal slowly ad justing the array to maintain normal-
ity to the sun line.

The feasiu . lity of the PEP design integration with the Orbiter has been
verified by layout drawings, analysis, and the Jdefinition of all the
interfaces between PEP, the Orbiter, and RMS. Figure 3.1.3-16 shows these
interfaces; see Section 4 for a more detailed description. Twenty-one distinct
interface items have been detailed in the areas of electrical, structural/
mechanical, avionics, thermal, and crew; these interface definitions resulted
from joint MDAC/RI and MDAC/Spar activities. Consistent with the design phi-
losophy of providing PEP as needed without infringing on the basic
capabilities of Orbiter, the modifications found necessary for PEP installa-
tion are minimal . They irclude items in the power and distribution, the
coolant loop, data bus, connector, physical attachments (electrical harness,

plumbing, and equipment mounting), and an aft flight deck switch.

POWER EXTENSION PACKAGE
ARRAY o STRUCTURAL/MECHANICAL
OEPLOYMENT o AVIONICS AND CONTROL
ASSEMBLY REMOTE
MANIPULATOR
SYSTEM
POWER
REGULATION AND — . ey
CONTROL ASSEMBLY © STRUCTURAL/MECHANICAL
© ELECTRICAL POWER {
® AVIONICS AND CONTROL
INTERFACE e THERMAL CONTROL
KIT
—
TUNNEL j—
VIEW
ORBITER OF RMS
SPACELAB — - AND PEP
OTHER PAYLOADS
UTILIZING SPEE [~ -
WIRING
LEGEND s e o CREW
DIRECT PEP INTERFACES

o~ wmwe == PEP RELATED INTERFACES
Figure 3.1.3-16. PEP Program Elements and Interfaces
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The PEP has been designed to preclude an appreciable reduction in Orbiter
reliability and crew safety provisions during a PEP wmission. This has been
accomplished by selective redundancy. incorporation of cafety provisions, and
the use of manual backup by EVA for contingency operations., Table 3.1.3-2 sum-
marizes the major safety/reliability provisions in the PEP design, and the
rationale for thejr incorporation. More detailed treatment of FEP reliability
and safety can be found in the Product Assurance Plan, Volume 8.

The rneed to avoid collision avoidance has been a key issue in the design and
development of operaticnal procedures for PEP, Our study has connluded that an
automated collision avoidarice concept is complex, expcnsive, and unnecessary
for the PEP applicaiion. The selected approach relies hezvily upon existing
Orbiter/RMS equipment and procedurws and incorporates the following features:

A. Strict adherence to RMS operations protocol.

B. Use of existing ARMS automaticn to reduce orobability of operator
error.

C. Redundant crew monitoring by independent means of ali critical RMS/PEP
operations.

D. A positive means of verifying safety of the PEP array/operating posi-
tion independent of (and redundant to) KMS instrumentatio:.

E. Use of existing HMS audible alarm to indicate any inadvertent movement
of the RMS from th2 verified PEP operating pusit on,

F. An array gimbal pointing system that is fundamentally fail-safe; i.e.,
no combination of electro/mechaninal failures (other than primary structure)

can cause a cocllision.
Details of the collision avcidance study are givei in Volume 3.

Several aspects of EVA were considered in che design of the PEP. First, design
criteria were coasidered which were necessary to enable an EVA crewman to
perform PEP manual tasks such as latching/unlatching deployment/retraction,
maintenance, jettisoning, and visual cueing for the RMS operator. Tne selected
design allows for these tasks to be performed on an unscheduled and contin-

gency basis.

The second aspect of EVA design criteria considered relatc. *~ designing the
PEP to be compatible with EVA tasks which might be carried out for both PEP
and other Orbiter systems or payloads. This criteria preclicdes damage tc PEP

/.
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Table 3.1.3-2. PEP Design Provisicns for Safety and Reliability (Page 1 of 2)

Design Provision

Rationale

oy ey el O D I

vt

nrann—
v

Redundant GPC datz bus interface

Orbiter type or dual MDM

Dual data bus lines from MDM to
electronic assembly

Dual control lines from MDH to
power distributicn box for RMS
shoulder power connector disengage
signals

Dual control lines from MDM to actu-
ator disengaging grapple fixture
power connector

Manual and automatic array rate/
position conrol

Fusing of interface circuits

Shunt regulators

Power contractors in power distri-
butioca box

Fuel cells on line with PEP

Blocking diodes in solar array
series strings

Dual initiator circuits for
in-flight disconnects

Regulator sensing circuitry backup

Modular isolated sources and dis-
tribution equipment

Manual wing box top latch
provision

Array drive motor redundancy

Manual array retraction/extension

Permits operation with bus, cable
assembly, coupler, or MIA failure

Providcs a second control capabil-
ity if MDM buffer, sequencer, or
output circuit fail

Provides backup in case of MDM/
electronics assembly data-transfer
failure

Permits connector separation with
cable and/or relay failure

Critical control item; controls
array retraction

Permits sun tracking with sun
sensor/processor failure

Frotects Orbiter buses from possi-
ble short circuits in PEP

Provides positive backup
overvoltage protection of Orbiter
buses

Permits positive isolation of PEP
power sources

Complete loss of PEP will not
affect mission safety

Isolates a fault in any string from
all paralleled strings

Provides redundancy in RMS power
cable separation means

Avoids regulator overvoltage opera-
tion if regulator remote sensing is
lost

Allows for graceful degradation of
PEP capability

Allows backup with EVA crewman for
stowing array

Backup for extension/retraction

Backup for extension/retraction of
arrays

Ay e

Ve wan

N

N

37

[

arnbadihe SRSt i dntcinid M | |
e - e . D

N s X by

.



Table 3.1.3-2. PEP Design Provisions for Safety and Reliability (Page 2 of 2)

e ek TR}

C et m s e

Design Provision

Rationale

Manual separation of RMS from ADA
ADA jettison provisions
Retention latch drive motor

redundancy
Manual retention latch/unlatch

Allows backup with EVd crewman for
SPEE separation

Enables ADA to be jettisoned for
safe crew return

Backup for latching/unlatching ADA
in-bay

Allows backup with EVA crewman

provision

Physical separation of Freon loops Meets Orbiter survivability

criteria

PEP cold plates located unde~ PRCA Minimizes vulnerability of Freon

loops

by EVA crews and also ensures unimpaired crew performance and safety during
EVA. Types of EVA compatibility criteria includes avoidance of exposed edges,
corners and protrusions, inclusion of nandholds and translation devices, and
design to withstand crew kickoff loads. The PEP is designed based on these
criteria.

The PEP design must also consider the EVA reserved envelopes, which ensure a
corridor for the EVA crewman to access critical areas in the cargo bay. These
stay-out areas are given in "Space Snuttle System Payload accommodation,"™ JSC
07700, Volume IV. The reference design extends slightly into reserved EVA
envelopes but the plarned installation does not prevent the crew from
performing the currently planned translations. Volume 3 of this report con-
tains the more detailed treatment of EVA considerations.

Table 3.1.3-3 presents the major system and subsystem trades and analyses con-
ducted during the study to resolve key PEP design issues. Results of this
effort are reflected in the reference PEP design. More detaiied descriptions
of the trades and analyses and specific design impacts can be found in the
subsystem descriptions, Section 3.2 of this volume, and in Volume 3,

Detailed subsystem desoriptions are given in Section 3.2 for electrical power,
structural/rechanic.l, avionics, and control, and thermal control subsystems.
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Table 3.1.3-3. Major FEP Trades and Analyses (Page 1 of 2)

Name

Pur pose

Electrical

PEP/Orb..or integration options

Regulator type and efficiency

Regulator failure modes ana effects

Structural/Mechanical

FRCA configuration
ADA configuration
Rotation and fixed mast canister

Array wing box length analysis

Aluminum versus composite structure

Avionics and Control

Solar array control avionics
requirements/criteria defintion

Control system management, GPC, and
array control processor interface
definition

Orbiter DAP utilizatien evaluation

FMC analysis

Alternate solutions for PEP/RMS
control and drive power wiring

Thermal Control

Alternate methods of heat rejection
Performance analysis

Thermal control configuration
definition, active versus passive

PEP/Orbiter interface analysis

EVA considerations

Evaluate interface options to idle
fuel cells at ! kW each

Trade of regulator types

Identify additional design provi-
sions required

Tradeoff of 3 confi-urations
Tradeoff of 6 configurations
Tradeoff of the two concepts

Determined most suitable length ot
array wiri box

Selected structural material for
reference design

Proporticnal versus on-off array
controller

Determined number of required
software modules in systems manage-
ment computer and defined control
and status displays

Determined loads on PEP when PRCS
or VRCS are used

Determined radiated field intensity
impinging on PEP

Traded use of SPEE wiring versus
PEP peculiar wiring harness

Traded methods ¢f increasing
Orbiter/PEP heat rejection

Determined Ortiter heat rejection
capability in PEP mode

Compare methods of cooling PEP
regulators

Determined suitability of Freon 21
interface

Establish PEP EVA design criteria
and determine EVA route intrusions
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Table 3.1.3-3. Major PEP Trades and Analyses (Page 2 of 2)

Name Purpose

Thermal Control (Cont.)

Avionics cooling Determine adequacy of pass ve cool-
ing for ADA avionics

General

Reliability and safety Verify design, identify additional
design provisions required

Collision hazard elimination Compares automated versus
nonautomated r.ethods of collision
avoidance

3.1.4 Mass Properties

3.1.4,1 Reference Design Weights

The reference design weights are identified in Table 3.1.4-1 and are based on
detailed subsystem and hardware definition. A description of the major element
is described in the following paragraphs:

3.1.4.1.1 Array Deployment Assembly

The blanket assembly includes the panel assemblies and the harness provisions
with weight supplied by subcontractors. The vanel assembly weights were devel-
oped for a 32.9-KWe array at BOL with 100 active panels. The total panel area
is 3,127.4 rt2 (290.7 m2). Harnesses include the feeder harness, which is
aluminum,

The wing box assembly is made up of th. wing boxes, blanket tension mechanism,
and the mast interface linkage assembly. The wing boxes and interface linkages
weights as supplied by the subcontractor were a composite design and these
values were reworked using aluminum. The four blanket tension mechanism

weights were also supplied by the subcontractor,

The solar array mast assembly weights were developed by the subcontractors for
a 125.3~-ft (38.2 meters) mast with 200 ft-1b ultimate bending moment. The
assembly includes the canister and msst drive actuators.

/
MCDONNELL DOUOIL@‘

WIM_ na L e e

-

L I



o T I

R ——-——

o i

I

AW e ¢ pre ™ e 8

g e

LRSI

e aa e TP PRGN

o=

demrwd

eat

...

Lo

Table 3-1. h“l .

Reference Design Weights

Location

Description

PRCA

Kits

Payload bay®

Power
RMS

harness hurness

Solar array 1,031
Blanket assembly

Solar array wing box
assembly

Sc’ar arrsy mast

assembly
Structure/mechanical 232
Solar array suppert
structure assembly

Power regulation eguip~
mant support structure
assenrbly

Solar array canister
support mechanism

Z-axis solar array
drive gimbal assembly

Power distribution and
regulation 54

Power-distribution
equipment

Voltage-regulation
equipment

Distribution cables
RMS power cable assembly -
Thermal control -

Avionics ST

615

160

256

126

33

73

22

32

68

534

34
32

68

75

W32
27

- 110 -

101 = -
- - 10
- 3 -

Subtotal (1lb) 1,374

668

1ol 113 10

*Total weight (1b)

2,266

*orbiter scar; power distribution (37 1b) and thermal (9 1b)

~
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The structure/mechanical subsystem contains the support structure assembly
which is open-truss beam design with a three-trunnion support system. The
canister support (pivot assembly) includes the canister suspension, lockout
mechanism, and stowed position latches. The final assembly is the gimbal

assembly made up of the grapple fixture the umbilicals, and the Alpha and Beta
gimbal drive assemblies.

Power distribution and regulation subsystem on the ADA consists of two diode
b.xes plus the power distribution wiring harnesses. The diode box weights are
based on a component listing, and the necessary weights for wiring and
housing .

The avionics susbsystem consists of a sun sensor, signal processor, array con-
trol electronics with associated instrumentation, and wiring.

3.1.4.1.2 Power Regulator and Control Assembly

The PRCA structure support assembly is an aluminum beam design with a three-
trunnion interface with the Orbiter.

The power distribution and regulation subsystem includes the power distribu-
tion box, three shunt voltage limiters, and six MDAC-designed voltage regula-
tors. The weights for the above were all derived from detail component lists
plus allowances for wiring and housing of each assembly. The distribution
cables includes three harness assemblies; they are the separation device to
the voltage regulator, the voltage regulators to the power distribution box,
and the power distribution box to the shunt voltage limiter.

The thermal control subsystem weights are based on a cold-plate design to
match the required equipment mounting area. The total cold-plate area is 8.9

ft2 (0.83 m2). The remaining portion of thermal control includes the lines,
disconnects, and fluids necessary to complete the installation.

The avionics subsystem on the PRCA consists of the multiplexer/demultiplexer
plus wiring to the RMS interface.

3.1.4,1.3 Kits

There are four items in this categcry. The first is the RMS harness kit which
runs the length of the RMS from the PRCA to the separation device near the RMS
shoulder., The weights were extracted from SPAR inputs. The second is the power

/
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distribution harness from the power distribution boxes on the PRCA to the
interface panels. Two on the standard side (-Yo) at station (Xo) 636 and one
on the port side (+Yo) at station (Xo) 693. The third is the thermal control
with the fourth being the wiring from the MDA to the data bus coupler,

3.1.4.1.4 Scar
The scar weights are, as were all cable weights, based on estimated lengths
and cable sizes, with allowances for connectors and supports. R.I. supplied
the cable lengths for Orbiter scar weights. The total harness weight for scar
is 37 1b (16.8 kg). The thermal scar weight of 9 1b (4.1 kg) was supplied by
R.I.

3.1.4,2 Center of Gravity and Inertia

The CG's and inertia values are referenced to Figure 3.1.4-1 and use the
Orbiter coordinate axes and stations. The data is summarized in Table 3. 1.4-2
using the same reference for all configurations with the RMS CG interface
being Xo = 715, Yo = =38, and Zo = 471.

Tables 3.1.4-3 and 3.1.4-U4 illustrate two typical PEP missions with impact for
weight and the Xo center of gravity. The Spacelab II mission (Table 3.1.4-3)

Figure 3.1.4-1. PEP Coordinate Axes and Stations
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] l Table 3.1.k-3. Spacelab II Weights and xo Center of Gravity
. l Event Landing Launch/abort
3 l Element Weight (1b) ‘ X, Weight (1pb) Xo
' Spacelsb II 26,203 967.8 28,492 973.3
¢ i PEP 2,226 708.9 2,266 708.9
Retention provisions 85 701.7 85 701.7
E Subtotal 28,553 947.2 30,842 953.2
Ballast 500 1,301.0 500 1,301.0
E Total 29,053 953.3 31,342 958.7
1 X, Margin (in.) + Lo 0.0

oM

Teble 3.1.4-4. Spacelab III Weights and X Center of Gravity

 peape

1

e Event Landing Launch/abort

' E Element Weight (1b) X Weight (1b) Xo
i r

E i Spacelab III 28,683 1,001.2 30,599 1,005.2 . - 7
PEP 2,266 708.9 2,266 . 708.9 < . . z
: g ”3 Retention provisions 85 701.7 85 -~ T01.7

B Subtctal 32,033 979.1 32,049 98k.0 - - .
{ Ballast - - . _
3 Totsl 31,033 919.0 . 32,989 .. g8L.0°
) 3 X Margin (in.) Tow226 0 ) ' +19.6

is less than the 32,000-1b (w 500 kg) hnding/abort limit with approxinately

500 1b (227 kg) ot‘ ballast being required at Station 1301 to bring the Xo CG

k for shuttle cargo. Spacelab III (Tadle 3.1, ll-ll) ‘Xo CGs are well within the

: -allowable cargo CG limits. The launch/abort. weight. of 32,949 1b (14,977 kg) is
<not a problem because the pYanned landing weight is 31,033 1b (14,106 kg) with

. PEP, A posszble source of ballast could include the loading of extra Orbiter
OKS propellant For SpaceIab II type missions, such ballast would eliminate
the addition of special ballast—mmting provisions,
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3.1.4.3 Weight-Saving Options
Tabie 3.1.4-5 is a list of potential weight-saving options. Each item should

‘r be also evaluated first for cost and then in order of its respective dollars/
pound to determine the most cost-effective options,

Table 3.1.4-5 Potential Weight-Saving Candidates

Composite structure 104
Wing box 27
Mast/canister 23
Canister pivot assembly 9
ADA ' 23
PRCA 16
Mast interface linkage 6
Solar array 179
Cell thickness (6 tu 4 mils) 59
High-efficiency OCLI cells 120
Miscellaneous 10
Eliminate RMS cable shroud 10

3.1.4.4 Summary

The December 1978 weight of 2,010 1b (914 kg) and the primary reason for
change are listed in Table 3.1.4-6. The primary elements of change were the
strongback design, subcontractor definition of the wing boxes, incorporation
of the diode boxes, and redefinition of the voltage regulators.
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Tubie 3.1.4L=-6. Initial to Reference Design PEP Weight Comparison

Reference
Initial design A
weight weight Weight
(1v) (1b) (1v} Remarks
Solar array 955 1,031
Blanket assembly 580 615 +35 Initial from Seps -
subcontractor redefined
Solar array wing
box assembly 110 160 +50
Solar array mast
assembly 265 256 -9 Miscellaneous
Structure/uechanical 260 300
Solar array sup- 93 126 +33 Integral wing box to
port struct strongback design
assembly
Power reg equip- €1 68 +7 Added design definition
ment support
struct assembly
Solar array 33 33 - -
canister support
mechanical
Z-axis solar T3 13 - -
array drive gim-
bal assembly
Fower distribution
and regulation 552
Power dist 37 97 +10 Incorporation of diode
equipment boxes and elimination
of J-boxes
Voltage reg 339 432 +93 Added design definition
equipment of voltage regulators
Distribution 126 169 +40 New power dist equip-
cables ment definition and
incorporation of R.I.
data
RMS power cable 90 101 +11 Spar definition
assembly
Thermal control 61 Lk -16 Smaller cold plates
Avionics 92 G2 - -
Total weight
(1b) 2,010 2,266 +256
47
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3.2 SUBSYSTEM DESCRIPTION

3.2.1 Electrical Power Subsystem

The function of the PEP electrical power subsystem (EPS) is to gepnerate
electrical power on-orbit from incident solar energy and deliver 26.82 kW
gross to the three Orbiter electrical bus systems at voltages compatible with
the Orbiter siectrical requirements and the fuel cells when they are operating
in the ~ange of approximately 1. to 12 kW each. The basic elements of the
system are a gimtalled solar array, voltage regulators, and miscellaneous

power cables and distribution equipment.

3.2.1.1 Electrical Power Subsystem Requirements

The principal EPS requirements are summarized in Table 3.2.1-1l. The differ-
ence between gross and net output power is 0,200 kW of parasitic power allowed
for operation of PEP. PEP power has frequently been quoted at the load buses
or the payload interfaces. The difference between this location and the PEP
interface with the Orbiter is Orbiter cable and distribution losses, which
correspond to an efficiency of 97.T%; PEP output should be specified at the
PEP interface where the gross requirement is 26.82 kW (the system actually

delivers 26.90 kW as wili be discussed later).

The PEP power output must be delivered in three isolated blocks, each of
which opevrates in parallel with an Orbiter fuel cell. The loads associated
with each of these three blocks are not well-known Qnd will change from
2ission to mission. Consequently, it is necessary to have the capability to
reallocate between missions varying proportions of the total PEP output to
each of the three blocks in increments of 1% of the total (e.g., 9.2682 kW).
Each of the three blocks must be designed to handle more than 38.1% of the
total (e.g., 0.381 x 26.82 kW = 10.22 kW).

The steady-state voltage regulation should not exceed 33.0 V at the load
interface in the event of failure of the normal voltage regulators. Nominal
voltage regulation is 32.5 to 32.7 V when PEP is sharing with the fuel cells
operating at 1.0 kW each. Voltage regulation for fuel-cell sharing is in
the range of 27 to 32.5 V when PEF output capahility is exceeded. The PEP
life requirement is 80 missions over a l0-year period at a typical durati;n

of 1k days each; hence, the on-orbit life requirement is 3.07 years.

MCDONNELL DOUGL\“%_
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PEP %PS Nequirements (Page 1 of 2)

Item

Requirement

Orbit altitude, km

Orbit inclination, deg

Sun angle, R, deg

Array shadowing, %

Output power, gross/net kw

e Load buses

e PEP interface

e Modularity/flexibility
- Number of isolated blocks
- Capability ¢f each block
- Block adjustment increment

Maximum parasitic power, kW

Steady-state voltage regulation(l), v

o Maximum (failure modes)

e Voltage regulator mode

e Power tracking and current limiting
modes

e Regulation adjustment increment
(remote)

Transient voltage regulation, V

Life
e Operational period, years
e Missions per year

o Average mission duration, days
Storage
e VAB, hours

e llangar S or OPF, years

Array deployment/retraction/lockup
» Time, minutes

e Power (2 wings)

Orbiter compatibility
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185-1,110; 40T nominal
28.5-104; nominal 28.5
0 to #127; 50 nouinal
0-100 at crbit rate; O nominal
26.20

26.82

3 minimum

38.1% of total nominal
17 of total

0.200

33:0
32,5-32.7
27-32.5

0.02 Vv

+0.3, ~0.5 recovering to within
steady-state regulation band in
5 msec

10
8

1k

960

6 maximum
8.0 A at 1833 V

Minimum impact and scar



) ;
- ey 37 - Sy AP P NP, ] Yo cew
IPPIIOTVIALTE. & W SR IR Gt s o otons a bug g 2n ol A1 e g At e TSP RIS TN S e

Table 3.2.1-1. PEP EPS Requirements (Pagz 2 of 2)

Item Requirement

RMS power harness . Must not restriet RMS functions
Removable/installable in field
In-flight separation provisions
at end effector and base of

shoulder
Power distribution Compatible with Orbiter three bus/
fuel cell system
Power circuit grounding Single-point ground irn Orbiter bay
EMT Meet Orbiter specs
Instrumentation Provide sufficient inforwation to

the Orbiter AYD displays to allow
manned supervision of the EPS

3.2.1.2 Electrical Power Subystem Performonce

The PEP EPS requirement is to icliver 26.82 kW minimum to the PEP/Orbiter
interface, The capability of the next integrel number of array panels per
wing yields a PEP system power capability of 26.9C kW to the interface. This
is sufficient to support a 14-kW Orbiter load and a 15-kW payload requirement
(net) when the PEP outgut is combined with 1.0 kW from each of the three fuel

cells.,

The PLF system performance is depicted in Figure 3.2.1-1 for several values
of B. The design point case of 26,90 kW is for B = 50 deg at the midpoint

of the illuminasted pericd of the orbit. The vower at B = 90 deg is continuocus
at 27.97 kW, The minimum at B = 0 deg is 25.55 kW; the design point value is
approximately the average value for the illuminated period of this orbit.

The 26.90-ki’ design point value degrades to appruximately 25.0 kW EOL for the
ETR version - P at the end cf the l0-year operational period (3.07 years

on-orbit).
The PEP voltage regulation performance conforms to the requirements discussed

above., Means are provided for protecting the Orbiter buses from overvoltage

or short circuits wk’ch may develop in the PEP EPS.

.
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NOTES:
1. POWER TO PEP INTERFACE
| 2. 235-NM ORBIT
0 3. ARRAY AT BOL —
_ A DESIGN POINT BOL
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Figure 2.2.1-1. PEP Power Output Performance

Power available to the load buses can be reallocated up to 10% above or
below nominal on a mission-by-mission basis to accommodate changes in bus
loads.

3.2.1.3 Major Trades and Analyses

3.2.1.3.1 PEP/Orbiter Integrat.ion Options

A tradeoff analysis was conducted to evaluate alternative options of electri-
cally interfacing with the Orbiter to control the fuel cells to 1.0 kW each
while staying within the uv.biter maximum'voltage limitation. The performance
of the Orbiter fuel cells and the PEP system (volt-ge regulator and shunt
limiter) is shown in Figure 3.2.1-2. The nouminal operating point is the
intersection (at a common voltage) of the fuel cell curve and the dashu:

line representing the midpoint of the voltage regulator operating band, fuel
cell idle piwer is adjusted by raising or lowering the regulator band. The
n dpoint of the voltage regulator band must be 0.4 V below the maximum
allowable steady-state voltage (33.0 V in the example) to provide a distinct

operating region for the shunt limiter.

/
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Figure 3.2.1-2. PEP and Orbiter Fuel Ceil Voltage Regulation for 33 V Bus Limit

A summary of the trede results is presented in Tsble 3.2.1-0 for the three
key options; the voltages in parentheses are the maximum allowatle Orbiter
load voltases. The J-box/splice, aft PCA 4 scheme, is a variant of tke scheme

derived in the previous phase of the PEP study; an advantage ¢f this approach

is that modificaticns to the main distribution assembly (MDA) a~e not required.

However, the mission duration disadvantages were also recognized late in the
previcus study phase and utilization of the MDA's was discussed with JSC
versonnel at the November 1978 final review. Rockwell personnel were queried
in early January about the possibility of tying the power and sensor leads
into the Orbiter at or near the fuel cells, this scheme was suvseijuently
adopted, by mcdifying, the MDA's, and is the current Interface Definition
Document (IDD) «&pproach. The maximum allowable Orbiter load interface

(bus) voltage was selected to be 23.0 V because of the mission duration
advanta:es and the system complenity disadvantages aof the alternative diode
approach {see Volume 3, Section 2.6, for more information on the diode and

other options).
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Table 3.2.1-2. PEP/Orbiter Integration Option Summary

J=box/splice
aft PCA b IDD IDD
Item (32 V) (32 v) (~32.7 V)

PEP power output (PDB), kW 4.2 26.0 ~26.1
Mission duration 15.6 17.0 19.8

Weight, 1b _ T1ih T76 176
Array blanket cost, $ M 6.08 6.61 T.1h

Note: Bus A, B, and C at 4,67 kW each plus 15 kW to Spacelad

' FCP power (average), kW 2,04 1.66 1.0

As the FCP average power goes down, the PEP system output power, and hence

j solar array cost, rises as shown in Table 3.2.1-2, for a constant 29.0-kW

e e AN R AR M VAR PIOGIAN

load requirement. The array blanket cost represents the blanket recurring
cost for a single PEF system. The weight includes the blanket weight and

a delta (3) for wire and related distribution equipment.
In summary, this trade resulted in the selecticn of a 33.0-V bus voltage

. limit and support for the selection of the IDD approach, in conjunction with
Rockwell's analysis of interface alternatives.

3.2.1.3.2 Regulator Type and Efficiency

A trade study of different regulator types was periormed and the pulse-width-
modulated buck type was selected for the PEP application. This type of

regulaier with recently developed proprietary MDAC iow loss snubbers

——— —
.

approaches 92% overall eff...ency at thre design operating point. The
. reference EPS was sized using an efficiency of 90% as shown on the design
requirenents summary in Table 3.2.1-3. The higher indicated efficiency

i using the new snubbers will significantly reduce regulator heat rejection to
the Orbiter coolant loop.

Regulator design in reasonably straightforward campared to other types. A

nair of D.5-kW buck regulators was developed under Company funds ror usce

et o s

by T30 In simulated TEP system tests on their electrical power distribution

L aoge
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Table 3.2.1-3. PEP Power Regulator Design Requirements

Rated input voltage, vIN

Maximum input voltage, Vﬂ

Rated output voltage, Vb
Voltage regulation (at Orbiter

117 volts

239 volts

33 volts

32.5 to 32.7 volts

oM ae . » .
BRIt Y TR
.

main bus)

Maximum output voltage ripple 0.1 volts peak to peak

Rated output curreat, Io 145 amperes
Rated output power, V, X I, 4.8 kilowstts
Efficiency at rated Vin, Vo 90%

and 10

Maximum output current, I, 160 amperes

5.3 kilowatts

Revert to internal reference and
operate at lower output voltage

Maximum output power, Vb X IM
Loss of remote voltage sensing
circuit

Peak power tracking Track solar array peak power point
within 2% for output currents less
than regulator current limit set point

Electromagnetic interference
(2MT)

Heat rejection

Meet Orbiter specifications

To cold plate at TBD °C

and control (EPDC) breadboard. The low loss snubbers became available later
and will be considered for use in flight units to increase overall system
efficiency. Microprocessor-based control is used to perform peak power track-
iug and other computational/programmable control and protection functions.
Extremely good regulation is achieved. This is particularly important because
the PEP design requires close control of voltage at the Orbiter fuel cells

during sunlight operation to maximize mission durations.

3.2.1.3:3 Regulator Failure Modes and Effects (FMEA)

An analysis was performed to determine the effects of regulator failure modes
on EPS performance. Emphasis was placed on analyzing failures which could
lead to bus overvoltage and on incorporating the necessary provisions in
regulator/EPS protection design to prevent bus voltage from exceeding

specification limits.
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The regulators, together witl their dedice’.ed solar array sources and
paralleled fuel cell on the output, wer. modeled and analyzed for transient
behavior using the SPICE computer prdgram. Almost all failure moces
identified resulted in fail-operational conditions. For cases involving the
loss of one of the two regulators on a bus, the paralleled fuel cell must

make up for the loss of power, with corresponding reduction in mission
duration.

Section 2.7 of Volume 3 provides further data on MDAC regulator work.

3.2.1.4 Ele trical Power Subsystem Description

The function of the PEP electrical power subs_'stem is to generate electrical
pover on-orbit from incident solar energy and deliver 2€.82 kW gross to the
three Orbiter electrical bus systems at voltages compatible with the
Ordbiter electrical requirements and the fuel cells when they are operating
in the range of approximately 1 to 12 kW each. The basic elements of the
system are a gimballed solar array, voltage regulators, and miscellaneous

pover cables and distribution equipment.

3.2.1.4.1 Subsystem Description/Power Flow

Figure 3.2.1-3 shows the major elements of the system and the power flow
through the system, which delivers 29.08 kW of net power to the Orbiter buses
and peyloads. The PEP gross power is 0.200 + 29.178 - 3.0 kW = 26.28 kW to the
load interfaces or 26.%u kW at the PEP interface connectors, where 0.200 kW is
an allowance for the PEP parasitic load and 3.0 kW is the total contribution
of the three Orbiter fuel cells. The nominal power and voltage at various
locations in the system are shown on the diagram. The array output (input

to the array isolaiion diodes, diode assembly box) is 32.88 kW or 16.4h kW

for each wing. System voltage is controlled by the voltage regulators to

the required 32.5 to 32.7 V at the load buses/load interface by means of
remote sensing cables; this system compensates for voltage losses between

ke regulators and the load interfaces.
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Figure 3.2.1-3. PEP Electrical Power System

The function of the peak power tracker feature of the voltage regulator
is to control the cperation of the array at its peak power point when load

demands exceed array capability (e.g., during overloads or array shadowing).

When this occurs, the regulator output voltage falls helow the regulation
band, permitting the fuel cell output power to rise to meet the load
demand. Peak power tracker efficiency losses relate to its inability to
perfectly track the peak power point; these losses result in the need

to oversize the array but do not result in regulator heat rejection.

3.2.1.4.2 Distribution Interfaces/Schematics

Distribution interfaces between PEP and Orbiter are indicatel on Figure
3.2.1-4. Power and voltage sensing interfaces with Main A/FC 1 are shown
at Station Xo 693 on the port side. Interfaces with Main B/FC 2 and Main
C/FC 3 are at Station xo 636 on the starboard side. Power is supplied to
esch interface from an isolated bus in the PEP power-distribution box.
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|
|
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STRUCTURE ON ORBITER SIDE OF
INTERFACES

Figure 3.2.1-4. Power Distribution Interfaces

PEP power into MDA 1 (lower left portion of figure) is paralleled with fuel
cell No. 1 to supnly Orbiter Main A loads directly and Main C loads via the
tie bus to MDA 3. Power into MDA 2 supplies Orbiter Main B loads in
parallel with up to 5 kW to payload via a new circuit from MDA 2 to payload
interface at Station Xo 603. PEP power into MDA 3 is paralleiled with fuel
cell No. 3 (isolated from Main C) and fed directly to the payload over
existing circuits, with the interface at Station Xo 6L45. These circuits
provide the payload with up to 10 kW average power from dedicated sources
in bolh the Orbiter and PEP. '

Figure 3.2.1-5 shows routing of power and voltage sensing cables from the PEP
power-distribution box to the Orbiter interface connector panels at Stations
Xo 693 and Xo 636. The power return cables are shown grounded to structure
on the Orbiter side of each interface. The positive polarity cables and

the twisted-shielded pair voltage-sensing cables continue on to their
designated MDA's.
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Figure 3.2.1-5. PEP Power Distribution Interfaces
3.2.1.503 ADA/RGPRCL Orbiter Harness Diagram
Figure 3.2.1-0 ~ives an overview of Lhe PEP EPS in elementary diagram form.
All major hardware items and cables/harnesses are shown. Reference to avionics
and control in the gimtal assembly block is for mate-demate control of the
urbilical actuator. Sinmilarly, the reference in the PRCA block is for
circults to the redundant separation initiators (nonpyrotechniz) in the two
RC-PRIA interface connectors (in-Tlight disconnects).
A oswmmary of rower-aistribution cable run lengths, number and size of wires in
ea~l. run, and estimated weights from the array base in the wing hoxes to
Ortiter and payload interfaces is given in Table 3.2.1-k.
3.2.2.4.4  Solar Array Description {
A swwrary of the characteristics of a rerresentative solar array wing concept
(LDAC reference Jesign based on an IMSC exampl:) is presented in Figure 3.2.1-7T. I
The PEr array consicts of a pair of such wings, each of which is rolded accor-
dian style into a tox for launch and deployed on orbit by the extension/ {
retractior. mast. The power (16.4 kW, BOL, and approximately 15.2 kW, EOL,
r /
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MCDONNELL DOUGLAS Vg
S/
. o W g .. - VSRR »wwﬁiw L -

A

et m n e

[PV PR



e —
B

POWER REGULATION AND CONTROL ASEEMBL Y—tnfea- ORBITER
/ (REE AVIONICS AND CONTROL}

X NLEEAY
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33 Ne 22

UMBILICAL

Figure 3.2.1-6. PEP EPS Elementary Disgram

for the PEP used at ETR) is generated by 50 solar cell panels and conducted
by & wire harness down each edge of the blanket. Each of the 50 panels is

folded in the middle and joined to the next panel by a piano hinge. Blanket
tension is uniform across the blanket; it is r oviied by two tension bottom
springs. Two guide wires run the length of the panel to assure proper panel

folding and location in the array storage container during retraction.

The solar cell assembly and blanket assembly is shown in Figure 3.2.1-8. The
solar cells are of the high efficiency (12.8% nominal, 28°C) hybrid type,

2 x b cr in size with a back surface reflector and & base resistivity of 1-30
-cm. The cell voltage at maximum power is 0.45 V and the power output is
iT.b mw/cm2 at 28°C. Welding is employed in the example described above to

connect the cell assambly to the substrate; repair is done by soldering.
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Table 3.2.1-4. Power-=Distribution Cable Weights

Run Number
length of Wire Weight
Cable run (£t) wires gage (1v)
Array base to diode assembly boxes 2 L40 equiv Varies 9
(flat cables)

Between diode assembly boxes 11 10 22 1
Diode assembly boxes to gimbal 7 6 6 6
assembly (excludes slip ring I 6 6 N
assembly)
Along the RMS 70 12 6 87
RMS to voltage regulators 15 12 6 18
Voltage regs to power dist box (PDB) 2 12 1/0 10
PDB to shunt regulators 3 6 8 2
PDB to Sta 693 interface 20 k 1/0 32
Sta 693 to structure ground 2 1/0 2
Sta 693 to Main A/FC1 2 1/0 5
PDB to Sta 636 interface 8 1/0 19
Sta 636 to structure ground L 1/0 3
Sta 636 to Main B/FC2 20 2 1/0 16
Main B to Sta 603 payload interface 5 4 1/0 8
Sta 636 to Main C/FC3 ) 6 2 1/0
Main C/FC3 to Sta 645 payload (existing)
interface —_—

Total cable weight 227

3.2.1.4.4.1 Solar Array Options and Performance. IMSC and TRW are designing
PEP solar array systems as depicted in the artist's concept of Figure 3.2.1-9.

The TRW system uses a spreader bar at the top of the array with the containment
box 1id and preload mechanism remaining with the storage container; the IMSC
box cover and locking mechanism moves with the top of the blanket. The LMSC

system must be lengthened slightly to increase its power output to the required
16.4 kW, BOL.

A summary of the key electrical characteristics of three solar-array wing
options is presented in Table 3.2.1-5. The MDAC reference option is based

on earlier LMSC SEP/PEP designs (2 x 4 cm cells), per decisions made at the
PEP midterm review; PEP programmatics are based on this option. The IMSC
option is a corcept recently conceived by IMSC that employs 5.9 x 5.9 2~m cells.
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p‘i OUTPUT POWER 16.44W BOL
& PANELMINGE VOLTAGE. Ve 123 AT 60°C
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s BLANKET SIZE 384X T8 m
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Figure 3.2.1-7 Solar Array Wing Characteristics (MDAC Reference)
(SINGLE CELL FOR CLARITY)

0.006-IN. COATED MICROSHEET
COVERSLIDE

DC-93-500
ADHESIVE

0.008-IN. HiGH-EFFICIENCY HYBRID
WRAPAROUND SOLAR CELL

FLEXIBLE PRINTED CIRCUIT SUBSTRATE

COVER
s VER SLIDE

FLEXIBLE WELD JOINT

SUBSTRATE
WITH INTEGRAL

k o e
PRINTED CIRCUIT N ——

INTECONNECTS COPPER CIRCUIT 1-1/2 MIL COPPER

BLANKET CROSS-SECTION AT SOLAR CELL

Figure 3.2.1-8. Cross-Section and Exploded View of Solar Array Bianket
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Figure 3.2.1-9. Solar Array Wing Options
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The TRW option employs a higher efficiency solar cell (BOL), although the

[{
+

{
weight saving probably does not warrant the additional cost and the cell b
degrades more rapidly in the space radiation environment. A similar weight-
cost tiade option exists for microshcet and fused-silica covers, as may be

L

seen on Figure 3.2.1-10. The soldered conventional interconnect offers mature
technology, lower cell cost, and inspectability and repairability at the
expense of blanket assembly cost and higher allowable operating temperature
(for shadowing hot spots).

Figure 3.2.1-11 summarizes the key solar array performance and cost drivers
that require more detailed evaluation by the solar array suppliers and the
FEP contractor in future PEP efforts.

The performance of a typical solar array building-block panel (an earlier and
slightly larger version of the final PEP panel) is presented in Figure 3.2.1-12.
The power output is a function of panel temperature.
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Table 3.2.1-5. Cheracteristics of Solar Array Wing Options
Characteristics (E)

MDAC
Item Reference(:) TRW IMSC
Power output (BOL), kW 16.4 16.4 15.9
Solar cell size, cm 2xk 2.2 x4 5.9 x 5.9
Solar cell type/ HE hybrid, Shallow jct, BSF, HE hybrid,
efficiency (3), % BSR/12.8 BSR/1h BSR/12.8
Vortage (1), V,p/V,, 123/239 122/247 (-80°C) 137/265
Blanket size, m 3.84 x 37.8 3.81 x 36.3 3.86 x 36.3
Blanket area, m2 145 138 1kl
Blanket weight, kg i51 146 140 FS/
147 MS
Cell cover type/ MS/MgF MS/MgF FS or MS/
coatings MgF
Interconnects . Welded Soldered Welded
wraparound conventional wraparound
i Padding/stiffening Elastomer Integral ribdb Elastomer
strip/Gr/s disc/Gr/s
glass/epoxy glass/epoxy

Midterm decision, May 17 and 18, 1979; LMSC example

8-MIL cells, 6-mil covers, DC93-500 adhesive

HE = high efficiency; BSF = back surface field; BSR = back surface reflector
Vap = max power voltage (60°C); Voo = -T0°C OC voltage

FS = fused silica; MS = microsheet

Vi WD

3.2.1.4.4.2 Solar Array Selection. During the period prior to the FEP

- Request for Proposal, MDAC will prepare s detailed procurement spec  fication
and Statement of Work (SOW) on a solar array wing. Preliminary copies will be
furnished to potential subcontractors for comments. The final specification

: and SOW will then be released in an RFP with proposals due back within 60 days.
, A evaluation will be performed and the selected subcontractor's proposal will
be included in the MDAC proposal for the total PEP systen.

) The detailed specification will include the following:
- 1. Solar array wine design requirements, including output voltage,
current and power, electrical connections, dark I/V testing, construction,

service life, etc.
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Figure 3.2.1-12. Typical Salar Array Panel Characteristics

2. Blanket design requicements, including total voltage, current and
power, modularity/interface, shadowing, instrumentation, size/area, weight,
flatness, life, storage, tension, motion, plume loads, etc.

3. Solar cell design requirerents, includirg interconnection, performance
matching, construction, coating, bonding, etc.

k. Cover slide design requirements, including coating, transmission
characizristics, bonling, etc.

5. Solar array storage box design requirements, including envelope,
assemply, latching system, structural loads, interfaces, etc.

6. Deployment mast and canister design requirements, including mast
strength, mast configuration constraints, deployed length, rate and power,
dynamic responses, life, etc.

7. Mast and canister mechanism design requirewents.

8. Electrical, mechanical, and structural interfaces.

¢. Natural and induced environments.

10. Quality assurance provisions, including development tests, qualifica-

tion tests, and acceptance tests.
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3.2.1.4.9 Diode Assembly Boxes (Two Reguired)

1ne diode asgembly boxes contain the blocking diodes required to electrically
isolate and t »rminate each solar array series string. Each box accepts one-

half of the series strings from each solar array wing. The strings are bused
together at the output (cathode) sjije of the diodes to form paralleled groups

as required to match bus load demands.

The diodes are packaged in modules which meet Orbiter environmental
specifications. Each module contains five diodes. I%e output of each diode
is connected tH a Junction module for paralleling with other diodes to form

a power bus. Three power buses are provided, each dedicated to supply a
separate voltage regulator. Provision is also made to reconnect a numher of
diodes from one bus to another. In addition, interconnect wiring is provided
between the two boxes and terminated in Junction modwles which csn accept
diode circuits from one box for connection to designated buses in the other
box. This feature provides the capability to allocate prior to flight at
least 10% of the nominal power of any one bus to any other bus in either box.
The power capability of any single bus is limited, however, by its downstream

voltage regulator to 10w above the nominal rating.

The general arrangement of modules in the diode aissembly box is indicated in

Filoure S0001-113,

FUNCTIONAL

® HOUSES BLOCKING DIODES
FRoM  FOR ARRAY STRINGS

WINC

3NO. 6
(‘lMBAL{ POS

ASSEM 5 1o Rox @ PROVIDES INTERCONNECT
A g NO. | CAPABILITY BETWEEN
‘ W ! ARRAY SECTIONS/WINGS
moog ]10N022 i 2% FROM
ASSEM ﬂﬁ )] WING PHYSICAL
Box , g zgxz ® 2 REQUIRED
0. 2 3 " @ 111B EACH
: ®14X20X4IN

® PASSIVELY COOLED

D = DIODE MODULE (5 DIODES)
= JUNCTION MODULE, FEED THROUGH
JT. = JUNCTION MODULE, TERMINAL

Figure 3.2.1-13. Diode Assembly Box

, 66
m,
MCOONNELL DOUGE 4:)_

. o
T

p—rt eemd ot oui G Gmd =i

[PPRPYP

PO

—

L o . TN

- oy e



*

L N R T

3.2.1.4.6 Voliage Regulators (Six Required)

The PEP voltage regulators convert raw solar array voitage to regulated
utilization voltage. In addition, they perform the important function of
controlling fuel cell output to idle power levels by remotely sensing and
closely regulating the voltage at the fuel cell terminals. Each regulator is
supplied from a dedicated (isolated) section of the solar array. The
regulators are paralleled in groups of twr in the power i - - ion box. Each
paralleled pair supplies one of the the three isolated buses interfacing with
the Orbiter EPS. Pulse-width modulation (PWM) control is used to regulate
output voltuge. Each regulator in the flight configuration incorporates a
microprocessor which performs pesk power tracking and selective protection
and control functions. Under normal operating conditions (array power
capability greater than bus load dermand), the regulators share load equally
to regulate the bus voltage. When locad demand exceeds array capability and
bus vcltage starts to drop, both regulators operate in the peak power
tracking mode to deliver maximum available arrsay power to the bus. The
difference between load demand and array capability is made p by the fuel

cell operating in parallel with the regulators.

If one regulator fails, the remaining unit oiverates autonomously. It will
regulaie the bus up to its maximum current capability or the power capability

of its dedicated erray sectica, whichever occurs first.

The regulstors inccerperate circuitry to detect sustained overvoltage and
overloads and utilize their microprocessor to relieve these conditions

in a preprogrammed controlled manner. The arrangement and location of
components in the flight reoguliators is optimized for maximum heat transfer
to the base structure. The base structure is cold-plate mounted to the
Orbiter coolant loop for efficient heat removal. Regulator dimensions are
20 x 18 x 5 in.; each regulator weighs 68 1b (30.9 k&).

3.2.1.4%.7 Power-Distribution Box

The D3 condrols the distribution of power from the PEP voltage regulators
to Orbiter main distribution assemblies MDAl, MDA2, and MDA3. It also
accepts the PEP system activation command from Orbiter hardwire interface

circuits and turns on the PEP MDM assembly by applying 28-volt input power.
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The PDB contains three isolated power buses, each supplie. .y two PEP voltage
regulators. Power contactors are provided to switch each regulator on or off
the bus. Power connectors with inserts for four O-gage conductors are
provided for the power circuits to each Orbiter MDA. Additional connectors

are provided for the six regulator remote voltage-sensing circu.ts, Orbiter

and PEP MDM circuits, dual redundant circuits to the dual redundant (initiators)

for the two PEP power cable in-flight disconnects at the base of the RMS,

control and power circuits for the three shunt regulators, and test functions.

The PDB also contains current monitors, relays, hybrid relays, and fuses for

required instrumentation, control, and protection functions. Cooling is by

given in Figure 3.2.1-1L (logic circuitry for diagnostics and control is not

shown).
XI%LTIREG VOLTZREG vgu REG vgu REG
NO. NO. 5 NO. 6 FUNCT
INFLIGHT  POWER,  POWER,  POWER,  POWER, FuncTiona
DISCONNECTS  SENSE'  SENSE SENSE SENSE o DISTRIBUTES
ik Yt 2 Yau ki Sl Sl Tw REGULATED POWER
S CS] | ! FROM ISOLATED BUSES
|T=2 . .Momroag égzm
P ' CONTROL
CURRENT| | an L DISTRIBUTION
SENSOR I
| ®PROVIDES REQUIRED
i L | | SWITCHING AND
T - T ||  PROTECTION
y
: PHYSICAL
| o1 REQUIRED
BUS C BUS A |  e73LB
|

I @ e 30 X18X 6 IN.
L_ ___._ﬂ_ -_M_ - U_ JVL ~J e PASSIVELY COOLED
POWER POWER SENSE POWER "POWER SENSE POWER SENSE
)

CONTACTOR ORB INTERFACE SENSE  GRB INTERFA ™t SHUNT REG
CONTROL ~ STA 636 (STBD) aggm STA 693 {PORT)

Figure 3.2.1-94. Power Distribution Box

3.2.1.4.8 Shunt Regulators (Three Required)

The shunt regulators, somet..ies referred to as shunt limiters or simply
shunts, provide backup overvoltage protection for the Orbit - buses.* One
shunt regvlator is connected to each of the three buses in the PDB. Normally,
the regulators are dormant. If a voltage above a preset threshold is sensed
at en Orbiter bus, the appropriste shunt will be enabled to turn on and draw

sufficient curreni to keep the voltage within allowable limits.
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The shunt rezulator is designed o operate at the maximum steady-state

current it could see under worst-case fault conditions for several hundred
milliseconds. During this time, corrective action will be taken automatically
by the protection system to clear the fault and return the shunt to its
dormant state. While the shunt is ective, heat i. generated by the flow of
current through the control element (power transistor) and load resistors.

The chassis is designed to absorb the transient heat load with acceptable

temperature rise; no active cooling is required.

Shunt regulator characteristics are summarized in Table 3.2.1-6.

Table 3.2.1-6. Shunt Regulator Characteristics

Functional Physical
Normally dormant Three required
Provides backup overvoltage protection 8 1b each
Limited operating time 9x9 x5 in.
Monitored for possible failure-mode Hardwired to PDB buses (no fuses)
turn-on

Active cooling not required

3.2.1.4.9 RMS Harness
Figure 3.2.1-15 (lower half) depicts routing of the 12 power cables from the
diode assembly boxes, across the gimbal slip rings and brushes, to the

umbilical connectors interfacing with the RMS.

Th> umbilical connectors are actuated by engage/release commands from the

PEY MDM. These commands, and their talkback circuits, are carried by

SPEE wiring and go through the ADA/RMS interface connectors on the grapple
fixture. The umbilical connector engage (mate) command is transmitted arter
the SFEE/grapple fixture mechanical/electrical connections are made and the
release (demate) command is sent before the SPEE/grapple fixture ccounections

are broken.

*Primary protection against bus overvoltage is provided by the voltage
regulators, i.e., by the use of fuses and software (microprocessor) controlled
internal overvoltage protection circuits.
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Figure 3.2.1-15. RMS Power Cable

The upper half of the figure shows routing of the harness on the outside sur-
face of the RMS, across the wrist, elbow, and shoulder joints to the two in-
t1light disconnects at the RMS/Orbiter interface. The configuration of the
harness changes at specified transition points. Details of the harness design
developed by Spar Aerospace Products, Lta., under contract to MDAC are given
in SPAR-R.9L0, Issue A.

The in-flight disconnects at the base of the RMS shoulder are separated on
command from the PEP MDM. Each disconnect is provided with dusl redundant
nonpyrotechnic initiators. One enable/disconnect command is sent to a relay
in the power-distribution box which applies 28-volt power simultaneously to
one initiator in each disconnect. Complete separation of both connectors
should occur within 5C msec. Should separation not occur, a sccond command
is sent to the remaining initiastors vie a redundasnt relay in the power Jdis-

tribution box.
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3.2.2 Structural/Mechanical Subsystem
The structural/mechanical subsystem is defined as the primary structural ele-

ments that provide support and grouping of other subsystem elements and
transfer flight and ground loads to the Orbiter bay structural interface. in

N aq SEN B

addition, the mechanisms, both mechanical and electromechanical, which provide

[
-

functions of array deployment, latching, suspension, tensioning, gimbaling,

etc, are part of the structural/mechanica’ subsystem. The establishment of the
overall PEP arrangement/configuration is closely interrelated to primary

L]

structure design; therefore, configuration options are reported in this sec-
tion. Detail requirements for all subsystems are contained in the PEF System
Specification, Volume 4,

3.2.2.1 Structural/Mechanical Subsysetm Requ.rements
A. Primary Structure. The primary structure will arrange and support

other subsystem elements and provide an arrangement that can be stowed in the
Orbiter bay between the airlock and the Spacelab and over the short tunnel and
provide lateral clearaace for both PMS arms. The dynamic envelope will be per

Figure 3.2.2.1-1, The arrangement prcvides for mounting the ADA over Spacelab
pallets., The PEP is compatible on all pallet Spacelab configuration and allows
mounting of the ALA at any fore and aft bay location compatible with RMS
reach. The structure will be designed to be as light as possible consistent
with an adequate fatigue life and a minimum factor of safety of 1.4,

. The deployable structural element will be supported on three trunnions which

- interface with the deployment latches that are mounted on the bridge fittings.

e The fixed assembly will be mounted on three trunnions which interface with

‘ fixed journals on the bridge fittings. The relative motion between the Orbiter
bay walls and the PEP assemblies will be absorbed through sliding of the PEP
trunnions in the structure. The bridge fittings will interface with the
Orbiter stand bridge fitting attach points,

i B. Gimbal Assembly. The gimbal assembly provides two-axis tracking for

tlie deployed solar array. The gimbal will be installed on the ADA structure

and interface with the RMS SPEE. The Alpha axis will be capable of continuous

rotation. The Beta axis will have 90-deg minimum travel. The gimbal assembly

Bk~ ¢
. .

will contain a slip ring assembly for power and signal transfer across the

rotating interface.
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X, 6370 X @15 X 7408
l ' ! NOTES:

! | 1. THE ENVELOPE SHOWN DOES NOT INCLUDE TRUNNION INTERFACE WITH
B c THE ORBITER. IN SECT C.C TRUNNION INTERFACE MUST OCCUR AROVE
i el & STATION Z, 419 OR OUTSIDE OF THE EXTENSION OF THE 90R BELOW
' v STATION 2, 419,

2. THE LIMIT STATIONS Xo 748.8, X, 891.9 AND X, 081.5 ARE CLEARANCES
. FROM HANDRAILS ON THE SPACELAB TUNNEL AND AIRLOCK,
| —e RESPECTIVELY.

3. THE LIMIT STATION 2, 429 IS BASED ON TUNNEL AND
TUNNEL STRUT DEFLECTIONS.

4. LIMIT STATION Z, 480 IS BASED ON AIRLOCK ! EARANCE.
8 LIMIT STATION X, 637 1S BASE. ON MMU AND EVA ENVELOPE CLEARANCE.
® LIMIT STATION Z 414 BASED ON IGLOO Ct CARANCE.

-z, 400.0

Y1780y 450
Y, 00
SECT cC

Y, 00 Y, 00
SECT A-A SECT B8

Figure 3.2.2.1-1. PEP System Stowed Maximum Dynamic Envelope

C. Mast Assembly. The mast assembly provides the extension and retraction

power for the solar array blanket as well as the structural support of the
blanket in Lhe dzployed position. The mast drive actuator will have redundant
motors and deploy or retract the array in less than 6 min. A manual override
that can be operated by an EVA astronaut will be provided. The power consump-—
tion of the actuator will be less than 100 watts. The structural strength of
the mast when deployed will be sufficient to withstand VRCS plume loads activ-
ity on the solar array during attitude~hold mode and limited maneuvers.

D. Mast Canister Suspension and Lockout Mechanism. The canister suspen-

sion and lockout mechanism provides a spring suspension for the deployed solar
array wing. The spring suspension will lower the natural frequency of the
array both in plane and perpendicular to the array plane and limit the bending
moment in the mast and the back-drive torque on the RMS joints. The suspension
mechanism will incorporate a lock.ut device when the mast is stowed.

E. Wing Box Assembly. The wing box assembly provides the containment for
the stowed array blanket. It will also contain the blanket tension and the

guide wire system for the deployed array. The tension in the deployed blanket
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will be sufficient to prevent blanket contact with the support mast during
dynamic excitation of the blanket. The mechanism for compressing the array
blanket and locking the box cover will be part of the wing box assembly.

F. Payload Retention Latch. The payload retention latch will be a dual

three-phase AC motor, remotely operated, mechanism which will support the
array deployment during launch and recovery, and will upon command release the
unit for deployment on orbit. The latch will interface with the rail of a
standard Orbiter bridge fitting.

3.2.2.2 Structural/Mechanical Subsystem Performance
PEP is ground-ruled for installation essentially anywhere in the Orbiter cargo

bay; however, its forecast principal location will be betwe=n the airlock and

the Spacelab module above the tunnel on Spacelab missions. This position is
estimated to provide the most constraining geometry and the highest loads and
was used for the PEP design case.

The loads criteria is based or the data presented in "Shuttle Orbiter/Cargo
standards Interfaces," ICD 2-19001, Revision F, dated 22 September 1978. A
review of past Shuttle payload studies resulted in the selection of a compan-

ion natural frequency in the 10-25 Hertz range as a goal.

An in-depth analysis was not possible within the scope of this study. For sim-
plistic analysis, and to establish weight values representative of the upper
limit of conservatism, the structure was modeled as a torque box beam of
plates and caps. Standard stiffening and lightening practices would reduce
these values by approximately 20 to 25%. Shear web elastic instability results
in fairly low allowable work:ng stresses and therefore greater material thick-
ness and weight than what would be seen in a truss structure. A box beam of
machined aluminum or molded graphite-epoxy would cGeal almost exclusively with
colunn conditions and significantly higher average work stress allowables. The
truss approach is estimated to show approximately 20 to 30% lower weight than

the analyzed model.

3.2.2.2.1 Array Deployment Assembly Structure

3.2.2.2.1.1 Loads. The ADA is based on the concept of PEP providing special
payload retention fittings to mount ¢n the Orbiter tridge fittings. These

retention fittings are sized for PEP's low weight and save considerable

o et T
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chargable weight when compared with the Orbiter's baseline retention ffétings,
which are designed for a maximum weight payload. These special retention
fittings also place the ADA's trunnion location at station Z 450 i{nstead of
at the Orbiter's baseline station Z 414, This will allow th: ADA to be
installed over a Spacelab pallet. °

For loads analyses, the ADA was modeled as a two-mass body with the array
blanket , box, and integration structure as a distributed mass and the mast/
canister and canister support structure as a point mass. Figure 3.2.2.2-1

shows this model. The indicated applied loads are positive sign for load ori-
entation and the load values are 1-g levels,

c! c

\ 1 ]

433 I X

' N ‘ i Y  WTZ1150LB | |

\ | N _
AI L mT !8

-
“-24-1

Figure 3.2.2.2-1. PEP-ADA Analytical Model

Examination of the load factor environment for Orbiter indicates that the
potentially critical flight conditions are the liftoff, the terminal area
energy management (TAEM) yaw maneuver, and the landing conditions. The ADA
trunnion reactions were resolved for these three flight conditions and are
shown in Table 3.2.2.2-1. The resulting loads, shears, bending moments, and
torques on the strongback structure were derived and are shown in Table
3.2.2.2-2.
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Table 3.2.2.2-1.

ADA Trunnion Reactions

L Ll e

Loads (1b)
Condition Fou Fay F, Fix Fi, F..
Liftoff +1,8L0 +1.150 -697.5  +1.840 +1,271.9 +2,300.6
-1,150 -1,028.7 +1,603.1
TAEM yaw -516.5  +1,437.5 +279 -517.5 -782 -6L7
-1,437.5 -135 -368
Landing -1,035 +1,150 -955.4  -1,035 -2,58C.6 -1,294
-1,150 -1,286.6 -2,249.4
Table 3.2.2.2-2. ADA Design Loads Summary
Loads
Vmax o Torsion Axial
Condition (10) (in.-1b) (in.-1b) (1b)
Liftoff 63,725 1,150
YZ p.ane 1,437.5 102,152
XY plane 1,8L0 125,185
Landing 35,861 1,150
YZ plane 2,415 168,677
XY plane 1,035 TO0,k1k

3.2.2.2.1,2 Design. With the strongback load conditions, a design analysis was

accomplished to verify the earlier weight bogies and estimates. Both aluminum

and graphite-epoxy composite materials were examined.

The composite design concept was a fully webbed simplistic torque box. The

final PEP rererence configuration resulted in a strongback having a cross-

section which is nominally 17-in. tall (Orbiter Z direction) and 12 in. wide

(Orbiter X direction).
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Flanges in the 12-in. width extend the overall box width to 15 in. For this
geometry, the section's moments of inertia in terms of the web or wall thick-
ness atout the horizontal axis is 2,553 t and about the vertical axis,

1,512 t. The box beam was analyzed as a torque box of plates and corner caps
for beam bending. No attempt was made to optimize the web design for
stiffening or for lightening hole usage. The resulting web shear loads and
corner cap loads for the flight conditions are shown in Table 3.2.2.2-3. For
this approach, the web is critical for shear buckling at very low stress lev-
els. Shear buckling is generally more of a concern in composites than in alu-
minum. Panel parameters for elastic instability in shear shows an allowable
shear work stress at approximately 3,000 psi for intermediate strength
graphite-epoxy, which is selected for its shear allowable. The corner caps are
well-stabilized columns and a high-strength, high-modulus graphite-epoxy form
was selected which gave an allowable working stress of 116,000 psi. The torque
conditions are a strong contributor to the box design compared with the

bending and results in a design with fairly thick webs compared with the size
of the corner caps.

Table 3.2.2.2-3. ADA Web and Cap Loads

Upper/lower 8id» Cap

shear shear column
Condition (1b/in.) (1v/in.) (1v)
Liftoff 233 199 8,696
Landing 131 159 8,493

The box beam was similarly modeled ir aluminum. The web elastic in *ability in
shear resulted in working stresses of approximately 3,660 psi for the upper
and lower webs and at 3,300 psi for the side wehs. The corner caps werc Sized
to their column compression loads at a working stress of 32,500 psi., Similar

web thickness-to-cap area ratios occur in both the compcsite and aluminum
materials.
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The ADA installation with the Spacelab has minimal clearances from the
Spacelab module, the airlock, the tunnel, and the Orbiter RMS. The
configuration was originally predicated upon clearance allocations for dynamic
excursions and margins. A deflection analysis of the ADA was performed to
establish the credibility of the original allocations, This analysis was
performed on the assumption that dynamic data would not be available within an
opportune period of time. The analysis therefore used only the quasi-steady-
state load factors presented in the JSC 07700, Volume XIV companion, the
"Shuttle Orbiter/Cargo Standards Interfaces," ICD 2-19001, Revision F, Change
28, dated 22 Sertember 1978.

For purposes of the deflection analysis, the ADA model was based on some mini-
mun thickness assumptions to ascertain the approximate upper-limit region for
the deflections. Deflections were calculated to determine the contribution
from:

A. Vertical and horizontal beam bending.

B. Vertical displacement of beam due to end slope rotation of the trun-
nion and beam-end fittings.

€. Vertical and horizontal beam deflections due to beam torque displace-
ments,

D. Lateral translation due to beam-end fitting bending.

E. Lateral deflection due to beam-end fitting rotation about trunnion

from beam-bending slope changes.

The mast canisters, in addition, see deflection contribut.uns from the fact
that they have a greater rotational arm with respect to the torque pivot cen-
ter of the beam, the starboard trunnion. These deflections are shown in Table
3.2.2.2-4.

In general, the design analysis has shown that the ultimate ADA structure will
exceed the original weight bogies by a small percentage and that original

deflection clearance allocations are more than adequate.

3.2.2.2.2 Power Regulation and Control Assembly Structure

3.2.2.2.2.1 Loads. The configuration concept for the PRCA also uses a non-

Orbiter-baseline retention fitting partly for weight optimization but larzely

77
'
m,
MCDONNELL DOUGLAS Yabo
N/

e ¥ s atnalae RN,

e S e



/.
MCOONNILL “UGL@__
/
N

Teole 3,2.2.2-4, ADA Deflections
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Type

Amount {(in.)

Vertical
Sox~-besm bending - midpoint
Box-beam displacement due to trunnion support rotation

dox-beam corner displacement due to beam torque deflectiocn

Box beam total

Mast/canister displacement due to ~eam torque deflection

Mast/canister tclel

Longitudinal

Box~beam bending - midpoint

Box-beam corner displacement due to beam torque deflection

Box beam total

Mast/cani-ter displacement due %o beam torque deflection

Mast/canister total

Lateral

Box~beam displacement due to bending of trunnion support
structure

Box-beam displacement due to trunnior support rotation from
beam bending change in tip slope

Box-beam total

0.526*
0.121%
0.102

0.759
J.301"

0.376%

0.2k8+
0.408

0.656
0.9u44+

1.192+

0.122

0.313

C.435

because it is installed ad jacent to the Orbiter RMS station. Special bridge

fittings are required to provide a payload support at such a location. The

PRCA supports are at Orbiter station Z 408,5. This location, however, had
o

little effect in determining the loads on the support points and with : the

PRCA =tructure. After the analysis w's completed, it was discovered that the

Spacelab subsystems igloo for pallet-only missions could be located at the

same in-bay station and that ~urrent definition placed it=s unper-clearance
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requirement higher than the PRCA now accommodates. The PRCA beam would have to
adopt some form of arch gecaetry; however, the amount should not have a

significant pes-ing on the PRCA structural thicknesses and weight.

The PRCA was modeled as a stick beam with several point masses in determining
the support reactions, chears, bending moments, and torque loads on its struc-
ture. Figure 3.2.2.2-2 shows this model. Tabl: 3.2.2.2-5 lists the varinus
loads for the flight conditions.

[N |
g

' —é— 1
‘o
aX AY aAZ WEIGHT
AL {IN} {IN) (IN) (L8
a -18.40 - 11.43 +11.720 94
b -16.24 -25.23 -929 48°
c —4.50 —75.94 0.0 50
d —6.00 -113.44 +6.5 27
. [+ XV} ~182.94 90 3

REFERENCE ORIGIN FGil A X, A ZISA-B; fCRAYISA-C

F.gure 3.2.2.2-2. PEP-PRCA Analytical Model

3.2.2.2.2.2 Design. The PRCA configuration is primarily a concentrated group-
ing of equipment near the starboard sidewall of the Orbiter. The selected
structure is a small section box beam spa 1ing the Orbiter cargo bay width
with a <imple box-beam ladcc.. section Attached to carry the equipment. The
bulk of the equipmenrt would be cold-plate-mounted, with the cold rlates 3up-
ported nn the ladder section. Design analysis similar to that performed for
the ADA resulted [, web shear lrad, and corner cap loads shown in Table
3.2.2.2-6. In graphite-epcry materials, the elastic shear buckling allows a
working stress o approximately 3,700 psi in the webs while the caj re

worked at anpr-~ximavely 1i5,i1 .. psi. The comparazt:ve anelysis in aluiiaum

9
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Table 3.2.2.2-5. PRCA Loads Summary

Trunnion loads

Condition Loads (1b)
Fax Fay Faz Fbx sz
Liftoft 1,761.3 +664 1,375.1 365.7 285.9
Landing 990.1 +664 2,310.5 205.9 479.6

Beam maximum loads

Condition Lecads
Vmax Mmax Torsion Axial
(1v) (in.-1b) {in.-1b) (1b)
Liftoff 30,150 6Lk
YZ plane 1,375 31,450
XY plane 1,761 40,276
Leading 33,326 €64
YZ plane 2,310 52,830
XY plane 990 22,646

Table 3.2.2.2-6. PRCA Beam Web and Cap Loads

Upper/lower web Side web Cap
Condition shear (1b/in.) shear (1b/in.) column (1b)
Littofr 342 maximum 322 maximum 5,665
55 average 49 average
Landing 323 maximum 405 maximum 5,583
44 averacge 69 average
Y ®
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shows approximately the same relationship to composite as was found in the ADA
structure., In general, the comparison shows the webs to be working the materi-
als at uearly the same allowables while the caps work the composite to nearly
three and one-half times the allowable for aluminum. Granhite-epcoxy could,
therefore, expect to save an appreciable percentaée »-f weight but at s

definite increase in cost,

3.2.2.3 Major Structural Mechanical Trades and Analysis

3.2.2.3.1 PRCA Configuration
The PRCA consists of 11 major elements with a total weight of approximately

650 1b. Three configurations were evaluated; they were a three-trunnion sup-
ported beam transversely spanning the Orbiter bay, a single side mounting
using a single custom-designed bridge fitting, and a thermally passive system
with a heat pipe radiator transversely spanning the cargo bay and supporting
the other subsystem elements on the under side. The thermally passive system
was not compared to the other two options as a configuration or tor
structural/mechanical trade but was evaluated in combination with the thernal
control system trade as discussed in Section 3.2.4.3. Figure 3.2.2.3-1

illustrates the three PRCA configurations that were evaluated.

The comparison between the single side mount and the trunnion-supported beam
configuration has led to the selection of the latter as the reference
configuration for the study. The weight of the single side-mount
configurations would be approximately 25 1lb lighter; however, without the bay
spanning beam, the power cables would have to be routed below the tunnel and
attached directly tn C-biter structure. This condition would significantly
impact PEP ground installation and removal and/or add significantly to Orbiter

scar weight.

Secondary issues wi.ich were evaluaced during the study produced design solu-
tions and rationale as {cillows:

® The voltage regulators are mounted low with ~¢spect t¢ the beam struc-
ture to reduce damage susceptibility of cold plates and to provide visibility
from the aft flight window to the ADA deployment latch.

e The components are clustered on the right side of the Orbiter because

two of the three Orbiter power bus interfaces are located on the right side.
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POWER DISTRIBUTION 30X
VOLTAGE LIMITER 13} /

SUPPORT BRACKET

VOLTAGE REGULATOR (6} oL PLATE 13!

TRANSVERSE BEAM ST

SELECTED REFERENCE CONFIGURATION. . /7\\ \ \

ARAAY DEPLOYMENT :
VOLTAGE FM-DM ASSEMBLY ——— ! :

LIMITER (3}

POWER DISTRIBUTION

BOX HEAT PIPE J AR )
RADIATOR \ \
CUSTOM BR!DGE | \ -
7 FITTING | e
VOLTAGE .
REGULATORS

T
[
////
HEAT PIPE
EXTRUSIONS

POWER REGULATION AND
CONTROLU ASSEMBLY

\ \< A
\ \ Aot
COLD PLATE (3} / -
VOLTAGE REGULATOR (6) : /”
SINGLE SIDE MOUNT g PASSIVE THERMAL

Figure 3.2.2.3-1. Thres PRCA Configurations

® The power-distribution box is mounted high on the beam to expose as

much surface area as possible to space environment for passive thermal

control.

3.2.2.3.2 ADA Configuration

The ADA consists of 12 major elements with a total weight of approximately
1,400 1b, I ring this phase of the study four basic configurations were evalu-
ated. The configurations are illustrated by Figure 3.2.2.3-2 and are numbered
2 through %, Configuration 1 is assigned to the Phase A baseline as described
in MDAC Report MDC G7555.

Each configuration was evaluated using weight, cost, interface requirements,
technical feasibility, aft bay mounting, and envelope penetration as the cri-
teria, Tnitially weight was considered to be the primary design driver., Using
this criteria, Configuration 2, the integral wing box design, was selected
based on minimum stroctural weight. Subsequently, it was determined that

utilizing *“e wing box to form the side shear panz2ls for the support beam

82
/

MCDONNELL DOUGL @‘

-—-—-n—--—-l—q-—#—-u—d-‘—----

LAl S —v———— R ———

P N Y



A S N R et ey awe o~ -y

NOLLYHNDIINOD
WV38 3T1ONIS HOJ LdIONOD A18WISSYENS

14044NS YAV ONY YIue

ATONISTY XO8 DNIM

$3178nIssY
IOVANIT IIVINILNI AVRY
ONY LUO4dNS WILSINYD LSVYIN

Peienea] suondQ LOREINBIU0D VIV d5d Z-€ZTZ'E 94Ny

NOILLYHNOIF LD DINIM HYINAOW HOS LdIINOD ATEWISSYENS

UNLONWLS XOVEDNOY; ~ — 17
g NN //u TINOCW ON. M
\ Y \/”-\_““/‘ ‘-//

NOILYHMNDIINGD NIVEONOHLS HO4 LdIDINOD A18NISSYENS

SUUBNIS N
- SIS INYVYH TOW LNGD ONY
NOULVININOYAISN)

$UNEID0Ne TYNDIS

AIMWNISSY SDINOHED313
) 104 INCO ONY
ATew ISy o\t ONILNING AVHYY
IWN12NNLY yd

$2iS3INVD

12 AW ISSY 23V

NCILYHNDIANGD IONIHUISIY A3LI3 T3S

$3119M38sY
JOVINIT 3DV IBILNI AVUlY
ONY LWOdNS HILSINYD ‘LSVYIN

83

/7
P—

v?

AMCDONNELL DOUGLQ



T

O T T =

would result in ar unacceptable interface between the array wing box and the
support structure, Deflections of the loaded wing box caused by compression of
the blanket would make a close-tolerance multiattachment shear connection
'difficult to accomplizh. Because of the interface problem, Configuration 3,

the strongback design, was selected as the reference configuration for the
study.

Configuration 3 is approximately 24 1b heavier than Configuration 2; however,
it weighs less than Configurations 4 and 5. A sixth configuration, the fixed-
canister design, is a variation which could be applied to any of the support
structure configurations. Configuration 4, the modular wing design, has the
advantage of modular assembly and adjustment of the wing box and mast
canister. The disadvantage is a considerable increase in weig.at because of the
structural redundancy and the envelope restrictions requiring high loads to be
carried through small structural cross-sections. Configuration 5 combines the
structural suppert of the ADA and the PRCA equipment. This arrangement. is
slightly heavier than the reference configuration, but the major objection to
the arrangement is the inability to stow the package at any location within
the Orbiter bay. Since the ADA and PRCA are combined, the electrical power and
coolant interfaces in the Orbiter bay would require relocation if the singie
beam concept were moved aft. Aft location of the deployable portion of the

assembly by the use of a second support beam is possible, but this would add
to the structural weight of the system.

3.2.2.3.3 Rotating and Fixed-Mast Canister

Figure 3.2.2.3-3 illustrates a fixed-canister and a rotating-canister
configuration, The evaluation criteria were enveloove constraints, weight,

mechanical complexity, and array dynamic response.

The rotating-canister configuration was selected for the referenced design on
the basis that the absolute length of the mast canister was a "soft" dimension
which can only be determined with a detail design of the mast, the envelope
limits are more flexible with the mast canister axis transverse in the bay,

and the dynamics of the deployed array with the mast off the center line have
not been fully analyzed,
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FIXED CANISTERS ROTATING CANISTERS

SELECTED REFERENCE CONF{GURATION

Figure 3.2.2.3-3. ADA Mast Canister Mounting Options

The potential slight intrusion of the rotating-canister configuration into the
area outside of the 90-in, radius at Zo 475 can be tolerated becai'se of the
Orbiter bay door/radiator contour at that location. The fore and aft limits
for canister length for the fixed-canister configuration are determined by the
structure of the airlock forward and the Spacelab aft. A canister length of
55.7 in, will allow the fixed-canister configuration to fit within the envel-
ope constraints, but additional length would preclude this arrangement,.

Because of the off-center mast in the fixed-canister configuration the bending
moment in the mast caused by blanket tension increases. Figw e 3.2.2.2-4 com-
pares the two configurations in terms of geometry mast size and weight. The
fixed- canister configuration would weigh the same as the rotating-canister

configuration because the mast increased weight is offset by a reduction in
rotating mechanism weight,

The dynamic analysis of the depioyed array was accomplished with a symetrical

configuration. A preliminary examination of the ay-:rics of the off-center

mast indicates that the array dynamic responses .. .J be satisfactory, but

more analysis is necessary to verify the preliminary conclusion.
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G BLANKET

B @_L

1

ROTATING CANISTER

MAST CENTROID TO BLANKET
18.5 IN,
MAST LONGERON TO BLANKET CLEARANCE

ow
B.7IN (NOT INCLUDING MAST BOWING)

MAST DESIGN BENDING MOMENT
200 LB-FT (ULTIMATE)

MAST SIZE

9,48 IN,

MAST AND CANISTER WEIGHT
128 18

Figure 3.2.2.3-4. Sizing of Fixed and Rotating Canisters

3.2.2.3.4 Array Wing Box Length Analysis

FIXED CANISTER

A
[ 185IN | {2268 IN |

B
P 13.35IN | [ BN |
Mg
[ 2410B-FT | [ 255LB-FT |

[ lo.uuero.?om.]
| 148LB | | 15218 |

The reference configuratior has the wing box mounted transversely in the

Orbiter bay between the port and starboard RMS arms. Figure 3.2.2.3-5

illustrates the array wing box superimposed on a cross-section of the Orbiter

bay. The initial PEP concepts were based on the SEP solar array technology and

used a box length of 159.04 in. Upon closer inspection, it was found that if
both RMS's were installed and the deflections of RMS, longeron, and wing box

were considered, there would be a physical interference between the RMS and

the wing box. Using the maximum Orbiter longeron deflection for any point

within the bay, a 2-deg rotational deflection of both RMS arms, a +1-in.

dynamic excursion of the wing bov, and an 8.5-in. radius dynamics envelope for

the RMS, it was established that the wing box maximum length should be 152.8

in. Bt this length the wing box penetrates the 90-in., radius payload envelope;

however , there is no danger of physical contact with the Orbiter side of the

interface and the box was considered acceptable and was selected for the

referenced design. If the wing box were designed to be completely contained

within the 90-in. radius envelope the box length could not exceed 144 in., To
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MAST 80X NO.
LENGTHM  LENGTH  PANELS

T

a6 1528 " 60 3|SELECTED FGR REFERFNCE DESIGN
4333 L} 7RERRil NG

20DEG**

4

2, 430
/ \
90R wNSI‘RAIINT ~ 144 IN.

ACCEPTABLE D|DX 1528 IN.
SEPS BOX IP.OC IN.-

—+

o
——

*SIDEWALL LATERAL DEF'.ECTIONS ARE 1.83 IN. AND 2.66 !N. MAXIMUM SIMUL”ANEOUS FOR A GIVEN
FLIGHT CONDITION AND AT THE WORST LOCATION (~X, 903).

**THIS ANGULAR DEFLECTION 1S DUE TO LONGERON ROLL BASED ON AN ASSUMPTION OF 1.0 DEGREE
EACH FOR SIDEWALL BENDING AND LOCAL LOADING.

Figure 3.2.2.3-5. Wing Box Length Constraints and Deflections

maintain the area of the array blanket constant as the box length is reduced,
the blanket and the mast length must . increased. Figure 3.2.2.3-5 indicates
mast length as a function of box length.

3.2.2.3.5 Aluminum vs Composite Structure .

Structure design layouts were prepared using both aluminum and graphite-epoxy
materials. If graphite-epoxy is used for the referenced design instead of alu-
minum a weight reduction of 104 1b can be achieved. Aluminum was selected for
the referenced design because of the high cost and time required for develop-
ment of the composite. The composite is a strong alternate if a weight savings

cost of approximately $15,000 per pound can be justified.

3.2.2.4 Structural Mechanical Subsystem Descripiion

Figure 3.2.2.4-1 illustrates the drawing tree for the reference PEP
configuration. The shaded clements are all part of the structural mechanical
subsystum. The PEP system installation is composed of three major elements:
the ADA, the PRCA, ani the interface kit. The ADA contains all of t' 2lements
of the PEP sysem that are deployed out of the Orbiter bay during or.ital
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Figure 3.2.2.4-1. PEP Drawing Tree
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operations. The PRCA contains all the elements of the system that are assem-
bled external to the Orbiter but after installation remain fixed in the
Orbiter bay during orbital operations. The installation kit contains all of
the hardware required to install the entire PEP system and provide the struc-
tural electrical and thermal interfaces with the Orbiter.

Figure 3.2,2.4-2 illustrates the PEP reference configuration as installed in
the Orbiter. The PRCA is mounted forward with the certerline of the bay
spanning support beam at Station Xo 687.5. Ihe voltage regulatc:ss and associa-
ted equipment are mowited on the starboard side. The ADA is mounted aft uf ¢he

PRCA. The centerline of the ADA support structure is located at station Xo
715,

. ane
%o 8875 % x;% 129 ~ 2o
Xo 7583 s .o
g ',-rv",\ Y Yo %0
- %0
s TR W<y, oA FiTING YO T
d 1, lr /
. 3 .
Lt L‘—r ' == ! // .
| s b / —_—
A N
cimeaL AssemeLy— | 4 T ! A, .
p—— " "3 . i r - B
3 MAST CANISTER { y 4 \
‘ FORWARD Syt L T YAW SUSPENSION = . —--
S AND LOCKOUT ] ,
. b
MAST CANISTER E- MECHANISM ] . X .
PITCH SUSPENSION AND la— \ - r——
LOCKOUT MECHANISM ‘L__.F:: ‘\ T
- STRUCTURE ASSEMBLY 2
STRUCTURE ASSEMBLY— SOLAR ARRAY \ )
POWER REGULATION AND !
CONTROL EQUIPMENT ING BOX _
€ ASSEMBLY g N R PRI
e — ORBITER PAYLOAD R Yo 90
PLAN VIEW DYNAMIC ENVELCAE N ==as Lo
aron CANI (ER STOWALE LOCK VAEW LOOKING FORWARD

+MAST CANISTER

CUSTOM LIGHTWEIGHT
RETENTION LATCH

i1 -~ . ARRAY DEPLOYMENT
.’u__);[ , FORWARD ASSEMBLY

o VET A DARD GRBITE SOWER REGULATION
FITTING ABITER fauuaion
BR..JE FITTINGS AND CONTROL ASSEMBL'r
VIEW LOOKING IMBOARD

Figure 3.2.2.4-2. PEP Reference Configuration Instaliation

3.2.2.4.1 ADA Structure

The referenced design of the ADA structure assembly is ill 'crated by Figure
3.2.2.4=3. The truss structure is machined from 2219-T87 aluminum plate stock.
The beam is assembled using lock boits and is 17 in. deep, 12 in. wide, and
140 in. long.
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Figure 3.2.2.4-3. Structure Assembly Solar Array Support

The two wing boxes containing the ariay blankets are attached to the sides of
the ADA structure assembly, using a four-bolt attach patiern. The mast
canister suspension and lockout mechanism is bolted to the top surface of the
beam together with the gumbal assembly. The mast canister suspension s* ' :-
ture, like the ADA beam, is a truss-type design using machine 2219-T87 alumi-
num plate stock. Attached to the suspension structure are the trunijon bear-
ings for both masts, suspension springs, lockout mechanism, and stowage
latches.

During Orbiter transport, the mast canisters are stowed with their centerliue
parallel to the array wing boxes. Rotation of the canisters for deployment is
caused by initial mast extension motiorn through pivot and linkage arrangement.
Continued extension of the mast operates the cover latches on the wing boxes
and deploys the array blanket. The procedure is reversed for retracticn and

stowage.
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3.2.2.4.2 PRCA Structure

The referenced design for the .RCA structure is illustrated by Figure
3.2.2.4=-4, The structure is a square tubula- design using welded sheet
2219-T87 aluminum. During all of the initial phases o: design information
available indicated that the igloo, for the all-pallet Spacelab, was below
Zo=U00. Because of this, the PRCA bay spanning beam was designed and analyzed
as a straight member with the bottom surfaces at Zo 403.5. ™ n, “ecently
been learned that the dynamic envelope for the igloo assemol, 6 extends up to Zc¢
412.5. As a result of this finding, the PRCA beam was mcdified to include an
arched center section which will clear the igloo envelope. Figure 3.2.2.4-5
t1lustrates the PRCA component arrangement and cable installation. Det :il
design may include a cover over the top of the voltage regulatnrs » .. cnld
plates to provide thermal and damage protection. The power-distribution box
would remain expossd to allow passive thermal control.
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Figure 3.2.2.4-5. PRCA Conmponent Arrangement

3.2.2.4.3 Retantion Provisions

Xg 687.5

845

POWER DISTRIBUTINN BOX

POWER AND S!GNAL.
TO ORBITER

DISCUNNECT

POCWER AND SIGNAL:
TO MDM

!
SIG TO IN-FLIGHT-+

POWER AND SIGNAL | {\
0 “BITE )

SIGNAL TO IN-FLIGHT
DISCCNNECT

- POWER FROM ADA

LOCKING r "RWARD

The PRCA is mounted in the Orbiter using three trunnions and two custom-

designed bridge fittings. The ADA is mounted using three trunnions and three

custom-design lightweigrt retentic: latches. The latzheo mouni o. either

standard or custom bridge fi“tings which are shared with Spacelab and the
short-zc.ess tunnel. For both the ADA and the PRCA, the lateral (To) loads are
reacted by the Orbiter longeron bridge fittings.

3.2.2.4,. Mechaniams

The referenced PEP desiin contains the following mechauisms:

“ast assembly.

tuator, mast drive.

i3t

¢ gimbal assembly.

@® Payload retentior latcun,

@ Wing box cover latch assembly.

@ Blanket tension

/
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The mast assembly is a continuous longeron open-lattice structure that deploys
and retracts into a compact cylinder by elastically coiling the longerons. The
mast assembly is illustrated by Figure 3.2.2.4-6. Battens and diagonals form
evenly space bays along the deployed length of the three longerons. At the
intersection between the batten and the longeron, rolle: lugs are attached.
These lugs engage a nut in the canister which drives the mast in and out of

the canister.

//ﬂ‘ , =~

[}y {]

N6 Non T-MAST DIAMET - 19.96 N,
L =l
:"l"} )\A:’—’/'ll‘\

!

]

' =

#}E T/ % TROLLER LUG —
2] -

- ROLLER Gum;\~ 2

|_ DIAGONAL

ROTATABLE NUT - [~ CONTINUOUS

LONGERON __

DRIVE MOTORS -1

TRANS'TION GUIDE ]

SUPPCRT TRUNNION

22-IN. DIAMETER —r=————
CANISTER

Figure 3.2 7.4-6. Mast/Canister Assembiy

The mast drive power is supplied by a redundant motor, two-speed actuator. The
actuator, which has a manual override, performs the basic function of
deploying and retracting the mast; the initial mast motion during extension is
used to rc ate the canister and unliock the wing box ccver. The combination of
relatively fast deployment and retraction of the mast, the high locking loads
of the wing box cover, and the desired slow rotation speed of the canister

requires a two-speed mechanism. Figure 3.2.2,4-7 illustrates an actuator con-

C \K
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Figure 3.2.2.4.7. Mast Drive Concept — Schematic

cept using dual motors driving into a differential. By operating both motors

the actuator output runs at high speed. By operating only cne motor the output
speed is reduced to one-half but the torque output is the same. It if is nec-
essary to have a speed change of greater than 2 to 1, a solenoid gear changer
could be added between the differential and the output shaft. Manual override
is provided by unccupling the output shaft from the differential and cranking

the shaft directly.

Figure 3.2.2.4-8 illustrates the mast canister suspension concept. The mast
canister is supported on two trunnions. The tcttom trunnion is supported in a

fixed spherical bearing. The top trunnion is supported in a bearing attached

94

s e e . . .
et . . '
e, v, | e . op- 'm'

e




[ v

I SR

ot pasat §

s > -

POS'TION 1
@ STOWED POSITION LOCK ENGAGED

MAST @PITCH AND YAW SUSPENSION CAGED

CANISTER @ YAW SUSPENSION LOCK DISENGAGED
@MAST FULLY RETRACTED

STOWED . @ WING BOX COVER LATCH ENGAGED

POSITION P CANISTER STOWED

PR N

POSITION 2
SAME AS POS 1 EXCEPT
P CANISTER DEPLOYED
{90-DEG ROTATION)
® YAW SUSPENSION LOCK
ENGAGED
© MAST PARTIALLY EXTENDED

PITCH SUSPE?'SION
NCAGED

MOTOR

A .\
gillhll llm

s (Y Y VT %7)
TN
A'll ‘- - g
“S POSITION 2 PUSITION 3
SPRING CAGED ’% w POSITION 3
ENSION s
PITCH SUSPENSION SPRING s o WING BOX COVER LATCH
CAGED BOX COVER o PITCH AND YAW SUSPENSION
UNCAGED
, @ MAST PARTIALLY EXTENDED
COVER LATCH — : TO FULLY EXTENDED
WING BOX
STRUCTURE

STOWED POSITION

Figure 3.2.2.4-8. Schematic of Mast Canister Suspension and Self-Rotation Concept

to a spring bungee and guided in a slot. This arrangement allows the canister
and mast to rotate against the soring in a plsne perpendicular to the plane of
the deployed array. When the canistar is in the deployed position, a solenoid-
operated latch locks it to a second bungee which allows rotation against the
spring about the axis of the canister trunnions and in a plane parallel to the
plane of tne deployed array. Both springs are caged when the ADA is stowed in
the Orbiter bay, during rotation of the canister, and during wing box latch

operation. Electromechanical actuators are used to cage the springs.

The two-axis gimbal assembly is bolted directly to the top surface of :the ADA
support structure and provides continuous rotation of the deployed array in
the Alpha axis and 90-deg rotation in the Beta axis. Additional description
and concepts are contained in Section 2.9 of Volume 3.
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The custom lightweight retention latches are designed to interface with
standard Orbiter bridge fittings and to use the standard electrical connec-
tion, Additional description and concepts are contained in Section 2.3 of
Volume 3.

The wing box cover latches are actuated by motion of the mast through the
interface linkage. The latches hold the folded array blanket in a compressed
state at approximately 0.5 psi pressure to stabilize and protect the array

blanket during transport Lo and from orbit.

The blanket tension for the deployed array is provided by negator spring
motors, which apply torque to a cable take-up reel, The cable from the reel is
attached to the array tlanket through a linkage and a series of load-

distribution springs. A similar mechanism is used for the two guide wires.

3.2.2.4.5 Alternate Configuration

Figure 3.2.2.9 illustrates a PEP instzllation using an alternate design for
the ADA propcsed by Lockheed Missiles and Space Company (LMSC). The general
Xo ns

Xg 729
X 6875 ! X°'7583

GIMBAL ASSEMBLY — ]

‘ FORWARD

STRUCTURE ASSEMBLY 1528 IN\\\

SOLAR ARRAY \\
STRUCTURE ASSEMBLY / 90.IN R

WING BOX

ASSEMBLY
POWER REGULATION AND ORBITER PAYLOAD -
CONTROL EQUIPMENT DYNAMIC ENVELOPE ~- —-=

GIMBAL ASSEMBLY
_//AND GRAPPLE FIXTURE Zoa20 24085

- MAST CANISTER

PLAN VIEW

VIEW LOOKING FORWARD

MAST DRIVE
ACTUATOR c CUSTOM (IGHTWEIGHT
i RETENTION LATCH NOTE SHADED AREAS REPRESENT
THE TWO SOLAR ARRAY
MODULES (SAM'S)
STANDARD ORBITER BRIDGE FITTINGS
\
CUSTOM BRIDGE FITTING VIEW LOOKING INBOARD

Figure 3.2.2.4-9. PEP Installation Using LMSC Solar Array
Module Concept
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arrangement of this configuration is the same as the previously described
reference design. The difference lies in the mechanization of the mast
canister support on the ADA. This ADA design assembles the wing box and the
mast/canister together as a unit and refers to the assembly as a solar array
module (SAM). The concept is the same as the modular wing design
(Coufiguration U4), and discussed in Section 3.2.2.3.

The SAM interfaces with the array support structure assembly using a four-bolt
pattern, Tne mast canister is structurally supported by a single cantilever
trunnion attached to the wing box. A stowage lock is attached to the wing box
and engages and locks the canister in the stowed position for transport. The
mast drive actuator has two motors. One motor drives the mast at the high
extension,sretraction rates, and the second m>tor is used for low speed and
high ferce levels required for latching the wing box. Each motor has a dual
winding to provide electrical redundancy. The mechinization of the spring com-
pliance for array suspension has not been defined, buu several design options
may be considered. These options are:

A. The compliance springs installed in the canister trunnion support
between the canister and wing box.

B. Tne compliance springs integrated into the mast, and canister design
and provide relative motion between the mast and tﬁe canister,

C. To hinge the SAM on the support structure and provide a spring between
the SAM and array support structure as illustrated by Configuration 4 in Sec-
tion 3.2.2.3. This arrangement provides only one axis of freedom; the other

axis of compliance would be incorporated in the canister trunnion pivot.

Option B has been proposed as a concept by LMSC and AEC Able Engineering.
Details of the mechanization of this concept have not been revealed; however,
if it were shown that the mechanization would not unduly complicate the mast
design it would represent an attractive alternate.

, 97
X

MCDONNELL DOUGLAS Ve
NS

Pt t T RS R e W wm g WL T % s B e e gt e W e G L) SRR VO o e Ty - S oy wwmrvm,'ﬂ‘m -1' '




e ool PV e WoL |

P

3.2.3 Avionics and Control Subsystem

The PEP avionics and control subsystem performs test, configuration, deploy/

stow, and array pointing functions. Wnen installed in the Orbiter payload bay,

it is supported by the Orbiter's systems management general-purpose computer
(GPC), the multifunction CRT display system (MCDS), the RMS, and the remote
payload latch release system. The use of capabilities afforded by these
existing facilities permits limiiing PEP-peculiar electronic assemblies to:
(1) a multiplexer/demultiplexer assembly (MDA) in the bay for acquiring date
canister rotation and mast extension/retraction and gimbal control, (3) a sun
sensor with processor for providing sun pointing error signals, (4) a bus
cougler for interfacing with the GPC data bus.

3.2.3.1 Avionics and Control Subsystem Requirements

The functionai requirements for PEP are listed in Table 3.2.3-1. They consist

of operations which the equipment must perform during array deployment and

Table 3.2.3-1. Avionics Functional Requirements

e Activate/deactivate PEP pointing and control electronics equipment.

® Engage/disengage the power-on connector(s) between the RMS end effector
and PEP grapple fixture.

e Do mast-canister rotation and mast extension/retraction.

® Acquire and track the sun.

e Maintain the array axes in selected anguiar positions and/or rates in
respect to the sun line and/or end effector axes.

e Select regulator and power-distribution box configurations, i.e.,
connection/removal of power-conditioning equipment from power buses.

e Set regulator/limiter voltage levels.
e Disconnect the Orbiter/PEP power bus interface to allow RMS jettison.

e Display PEP command status.

e ‘onitor and display PEP equipment operation and status parameters.
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while maintaining the r-ray face (solar cells) perpendicular to the sun or at
commanded angular positions in respect to the Orbiter or its velocity vector.

Table 3.2.3-2 identifies basic performance requirements; they are primarily
~oncerned with gimbal control. Since array power output is proportional to the
cosine of the angle between a line normal to the array and the sun line, per-
formance loss is small for rather large angular errors. As a result, per-

formance requirements are not severe.

Table 3.2.3-3 identifies software requirements. They are split between those
imposed on the system management computer software and those processing data
in PEP equipment. It is seen that systems management requirements are not
extensive, being primarily devoted to control and monitoring of the PEP via
the MCDS equipment. The PEP software performs array control algorithms and

operation sequencing.

The avionics interfaces with the RMS and CPC result in interface requirements

being imposed upon PEP equipment. Power consumption of ADA electronics has

Table 3.2.3-2. Avionics Performance Requirements

e Track the sun within 2 deg.

e Slew to defined Alpha and Beta gimbal positions (usualls used for
initialization) at rates from O to + 0.5 deg/sec.

e Slew at defined angular rates for an indefinite time.

e Command gimbal postions and slew rates via the MCDS keyboard, ground
links, or preprogramned table.

e Stop slewing at any time by keyboard or ground link command.

e Operate with sun-sensor feedback in either gimbal axis or both.

e Maintain a gimbal position error no greater than 12 deg during loss of
a "sun-presence" signal.
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Table 3.2.3-3. Systems Management and PEP Software Requirements

Systems niaxiagemef_lt softwvare fungtiona:l Egiﬁements_

e Acquire, pfocess, aﬂd display PEP data. -

e Format and output PEP commands.

e Control regulator connection to main power-distribution assemblies.

e Set regulator sense voltage levels.

PEP software functional requirements

e Effect data trans’ers.

e Sequence ADA mast extension and retraction.

e Perform manual and automatic PEP mode control.

® acquire array deployment assembly data.

been limited to about 224 watts at 24 VDC and up to 314 W at 32 volts input at
the RMS shoulder due tc wire resistance of the SPEE cable harness. In addition,
SPEE wires hcve been allocated to array deployment assembly functions such as
power connector actuator control and the CEA data bus. The requirements for
Gata interchange with the GPC resulted in the addition of a data bus coupler to
establish a compatible interface with the Orbiter’s bus terminations. A spare
AFD bulkhead connector connects PEP power regulation control equipment to a
continuation of the SPEE cable harness and provides access to an on/off switch

for control power.

Existing Orbiter provisions for latch control of the ADA latch trunnions are
used. They include the payload select switch aud toggle on panel A6, the
latch discrete status shown on the RMS control display format, and the actua-
tion circuitry ending in dual connectors per latch providing AC and DC latch
power.
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3.2.3.2 Avionics and Control Subsystem Performance

Upon crew request, the MCDS and GPC acquire data issue commands via the MDA to
power regulation and control equipment located wiihin the payload. The-
standard bus rate of 1 MBPS is used. A lower rate (30 to 50 kbps) is used
between the MDA and CEA to eliminate the need for controlled bus wire and allow
the use of SPEE wiring without modification. Off-the-shelf MDA modules have
been used to provide 48 28-VDC discrete outputs to control in-bay equipment,

32 differential inputs for data acquisition, and 8 serial input/nutput channels
for regulator control (only 6 are presently used). These provisions allow
regulator configuration (connection of regulators to mein power distribution
assemblies) with a single command input from the MCDS keyboard. One command per
regulator is required for level setting although software may be structured to
set 8ll levels with a single command provided they are known and entered prior
to commanding & value change. Within the CEA, similar provisions exist for
data acquisition and additionally, for conditioning signals reflecting the
status of the arrays (10 line pairs/wing) and other ADA instrumentation.
Measurements are sampled once per second, a rate selected because of control

rather than data~acquisition requirements.

Four modes of PEP control are available, two manual and two automatic. In the
inanual mode, array position commands may be entered to slew the PEP gimbals to
a given position; rotation is limited by ADA interference to 0 to 90 deg for
the Beta gimbal and is (continuous) O to 360 deg for the Alpha gimbal. This
mode also permits esteblishing constant gimbal rates: a maximum rate capability
of + 0.5 deg/sec, or double the 0.25 deg/sec Orbiter step rate permitted with
acceptable mast loads. In the automatic mode, sun track submode, both gimbals
are controlled using sun-sensor error signals. The track submode allows
"feathering" the array in one axis while controlling the other axis with the
sun sensor. The pointing accuracy requirement of +2 deg permits limiting the
projected area of the array face in the direction of travel to 3% and reduces

worst-case power loss to less than 0.1% in sun track.

An on~off controller was selected in preference to a proportional controller due
to its simplicity and because the proportional controller did not provide damp~
ing in all requisite axes. Structural damping is provided mechanically. Fig-
ure 3.2.3-1 is a functional block diagram of the selected concept. The portion
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Figure 3.2.3-1. Block Diagram of On-Off Controller

of the diagram shown in dashed lines would be implemented in the CEA micro-
processor. Commanded rates (¢s) or positions (dc) are input to the servo
drive voltage generation block (VDAC-D/A converter voltage) as position errors
after subtraction of encoder-generated shaf* position. Sun sensor error
signals would be used directly after coordinate system transformation in the

automatic sun-track mode.

An execution rate for the control algorithm of once per second has been judged
acceptable since the array is driven through high-compliance springs with a
respcnse time of 0.02 Hz. The achieved gimbal rate can be set near ihe required
rate, and the array smoothly tracks the reference with occasional high or zero
achieved rate periods occurring to adjust the average achieved rate to the
required rate. The constant rate is desirable since structural resonance
excitation is minimized. The controller is effectively an open~loop controller
for long periods of time, which can eliminate stability problems associated with

structural resonsnces.

102

mcoonnELL ooum.\-u%_

e e——— = . . - ar R . p———— e et
. .

oot

ot Gownl Gonl Sl Sowi  Buid

el el

[

[P )

L
-

| JEO SR Tt R WP R PN

‘ -—'-*‘

P |

ria e =



-Ii ‘B!-! - u I.I ll.EEAm !’ ¥ 'I!“'.-"‘- -* _E " - :

ey puny eum N aam

7.

3.2.3.3 Major Trades and Analyses

Trades and analyses performed in support of PEP definition were varied, running
the gamut from evaluating the configuration to analyzing the electromagnetic
environment. The following paragraphs indicate the subject of these tacks and

present their conclusions. More definitive task treatment may be found in
Volume 3.

oo Bt b PO NE

A. Task 2.14, Solar Array Control Avionics Requirements/Criteria Definition.
Established that a proportional or on-off arrsy controller (diagram shown in

Figure 3.2.3~1) can be used to satisfy pointing requirements. The latter, due
its simplicity, is recommended as the baseline.

L

T LTy i 1 3 et R

B. Task 2.15, Controls System Mansgement, GPC and Array Control Processor

Interface Definition. Defined the softw&re modules required in the SM computer
and concluded that they were few in number. It also defined the control and
status displays to be presented on the MDCS and requirements for the CEA
microprocessor software.

Y NPT

vt g b

C. Task 2.18, Orbiter DAP Utilizat:ion Evaluation. Limit cycles resulting

from use of primary thrusters impose excessive loads cn PEP with the exception

of the array located ahead of the Orbiter's nose. Firing of the vernier system

does not result in loading problems during nominal limit cycle operations.
Limited Orbiter maneuvers are possible with either the PRCS or VRCS.

D. Task 2.19, Pointing/Control Avionics Concept and Operations Analyses.
Developed microprocessor implementation concepts and software flows.

E. Task 2.20, EMC Analysis. Established the radiated field intensity
; levels impinging on PEP due to Orbiter transmitters and antennas.

F. Task 2.21, Alternate Solutions for PEP/RMS Control and Drive Power

o s .

#*

“

Wiring. Traded the relative merits of switching existing SPEE wiring vs the

addition of PEP-peculiar wiring harnesses and recommended retention of the former
concept.

(W PR PR3

3.2.3.4 Avionics and Control Subsystem Description

The PEP avionics subsystem is illustrated'in Figure 3.2.3-2. That part of the
P3P avionics subsystem located on the PRCA consists of an MDA connected to a
data bus coupler that interfaces with the GPC dat 2 bus terminations in the

payload bay. The deployed position of the avionics subsystem on the ADA

AP
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Figure 3.2.3-2. PEP Avionics Block Diagram

interfaces with RMS SPEE wiring. It consists of the CEA, a sun sensor, and
sun signal processor. The CEA controls array canister rotation and mast
extension/retraction, provides ginbal drive signals and acquires/conditions/
formats ADA instrumentation signals. A switch bo: in the Orbiter (not part
of PEP) allows sharing of the RMS wiring with payloads. The use of existing
Orbiter/BRMS wiring for cont+ol purposes is more clearly depicted in Figure
3.2.3-3. All wiring to the on-orbit station is currently installed. The
toggle switch, located on the standard switch panel, allows power on-nff
control to the PEP avionics equipment. The remaining cables between the on-

orbit station and the power interface would be new.

The MDA includes a multiplex interface adapter, sequencer control module,

and sequencer memory for interfacing with the GPC bus. Other modules consist
of differential DC input, 28-VDC single-ended discrete input and output
1odules, serial I/0 modules, and a special low-rate bus module. All but the
latter would acquire data from, and input commands to, the power regulators
and power-distribution box. The low-rate bus module would be used for
interfacing the CEA,

/
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Figure 3.2.3-3. RMS Wiring/PEP Interface

The CEA conte’ns dual microprocessors (one on standby) for signal processing
ar° .bal control. Instructions stored in memory or input through the MDCS
ard are trensformed into commended rates by the pointing coftware
ri. hms and switching logic. Error signals provided ty the sun sensor
.'ing sun presence or by shaft encoders provide position feedback for array

; rate and position control.

All control inputs are presently provided by the MCDS keyboard with the
exception of power cn/off. Failure analyses studies, to be conducted in the

- future, may also require hardwired redundant controls for operating the pcwer
connector actuator release on the grapple fixture and for breaking the power
herness at the RMS shoulder should the RMS require jettison. Display of control
inpuis via the MCDS CRT is illustrated in Figure 3.2.3-4. Formatting of tnis

display, as well as the processing and display of PEP status, is performed by

the systems management computer.
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Figure 3.2.34. PEP Control Display Format

3.2.4 Thermal Control Subsystem

The PEP thermal control subsystem, in conjunction with Orbiter capability,
provides cooling of all heat generated within the Orbiter, PEP, and payloads.
These heat loads include electrical power dissipation, PEP and Orbiter para-
sitic loss, Orbiter fuel cell waste heat, and metabolic loads.

The reierence thermal control subsystem design is a result of several trades
which addressed key issues in the study. The issues related to adequacy of
Orbiter heat rejection and collection when operating in PEP mode and to PEP
thermal control configuration, i.e., active versus passive cooling of PEP vol-
tage regulators,

A brief description of trades and analyses performed in the study are pres-
ented in the following paragraphs. Requirements, performance, and a descrip-
tion of the subsystem are al=o ircluded.

3.2.4.1 Thermal Control Subsystem Requirements
Table 3,.2.4-1 lists ke, design require.zents for the PEP thermal control sub-
system, Detailed heat loads delineated from information in Table 3.2.4-1 are
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l Table 3.2.4-1. Thermal Control Subsystem Requirements
l Mission
3 Orientation All, especially earth viewing,
{ stellar, solar and low gravity
* Inclination 28.5 to 104 deg
- [ Crew size L]
o Altitude 100 to 600 nm
i i Per formance
’ . Heat rejection (in conjunction Waste heat at 21 to 29-kW power
with Oroiter) level
: Oroiter power level 14 kW
) Orbiter power rejected by 80% of 14 kW
radiator
Flash evaporator system 30 1b/w (13.6 kg/hr)
per formance limit
Water storage limit 250 1b (113.6 kg)
Heat Collection
Maximum fuel cell return 1409F (60°C)
temperature
Maximum midbody ~old plate 120°F (48.9°C)
i temperature
f
: Maximum regulator temperature 1509F (650C)
! Maximum avionics box 104 to 176°F (40 to 809°C)
i Temperatures
Reliability and safety
‘i Redundancy Maintain separation between primary

and secondary loops

1 ) EVA compatibility
i EVA routes Minimize intrusion
- Loads Tolerate EVA crew kickoff loads
i Orbiter fluid loop compatibility
Pressure drop 2.6 psig (1,821 kg/mz)
I Fluid Freon 21
Inlet temperature 74% (23.3%)
i Pressure Same as Orbiter
Cleanliness Same as Orbiter
i
% 1 . 107
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given in Figure 3.2.4-1 for two levels of power, 21 and 29 kW, All loads shown -
are instantaneous losds; no thermal inertia or transport lag is assumed in the
% system. Shade-side heat loads are the same for PEP and fuel-cell-powered

,-i Orbiter, but the PEP loads are 10.5 kW less at 29-kW power load for sun opera-
’ tion when heat from fuel cell waste is reduced. The result is an orbital aver-
age PEP load of 6.6 kW less at low Beta angles.

!
E 3.2.4.2 Thermal Control Subsystem Performance

§ The reference PEP thermal control subsystem design relies upon the Orbiter for
g heat rejection and as such the Orbiter performance is of primary interest.

; Performance considerations include heat-rejection capability at key orienta-

i tions and water--balance influence on operation of the flash evaporator system.

Orbiter heat-rejection capabilities were determined in terms of maxjimum elec-
trical power as limited by heat rejection. Basic Orbiter performance came from
NASA thermal control data in terms of instantaneous heat rejection around the
orbit. This data was for an altitude of 270 mm (500 km) and an 8-panel radia-
tor configuration with forward panels deployed at 35 deg. Some performance

'.,. & u'
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AVERAGE
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g * ORBIT L
c PAYLOAD
z 0 o) AVERAGE sunl
Q -~——FUEL CELL AND
& 20— SaELCELL REGULATOR
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e WASTE AND
- REGULATOR |
< WASTE W
I 10—
ORBITER ORBITER ORBITER
POWER POWER mg‘ER POWER
oL ——————1 _METABOLIC
26w | 29w 2w | 29uw
FUEL.CELL-POWERED PEP
L__ORBITER
ORBITER POWER = 14 kW; 80% ORBITER POWER REJECTED BY RADIATOR
PEP SUN—SIDE FUEL CELL = 3kW

Figure 3.2.4-1. Heat-Rejection Requ ~ament of Fuel-Cell-Powered Orbiter and PEP
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improvement can be obtained for must orientations with a 60-deg radiator
deployment, and heat-rejection capability was computed for this angle for a

ot [ favorable orientation. Performance determination was based on average
E performance on sun or shade side of the orbit, depending on which side is
' controlling.

Figures 3.2.4-2 to 3.2.4-6 give the heat-rejection capability in terms of max-
. imum electrical power for Orbiter and for Orbiter/PEP operating modes. Data is
included for three levels of flash evaporator system operation corresponding
to none, sustained, and maximum operation levels. The flash evaporator water
use for sustained operation is just equal to fuel-cell-generation rate less
crew use. Level of maximum performance occurs at a water-use rate of 30 1lb/hr
(13.6 kg/hr).

Figure 3.2.4-2 shows the worst-case performance for earth-viewing payloads,
i.e., nose perpendicular to orbit plane with bay directly toward earth. This
orientation results in solar influx to the radiator underside when the Orbiter

is near the terminator. Data from the figure show that higher power levels of
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== 2.92-kW PEP PARASITIC

:
A

DN

_CELI. ONLY /
k o | // 7

i- NONE SUSTAINED MAXIMUM

-
(-3

E3

x
i & 29kW PEP
! ; s0l- REQUIREMENT

~ -l

g

[ 4

S

w20 - ORBITER

o WITH PEP

§ ORBITER FUEL

2

x

g

=

FLASH EVAPORATION

{ Figure 3.2.4-2. Heat-Rejection Performance, Earth Viewing
I / 109
MCDONNELL DOUGL'@..

a ¥

vt



e R

i )

. "
J R . it L& § ¥

Cxy -

.

270-NM ALTITUDE
0 r | oA 34w s&fr:‘gt‘bs FUEL CELLS
ﬁ 3. AS.DEG ROLL ZERO-DEG BETA ANGLE
ORBITER | 2.824W PEP PARASITIC
: WITH PEP
. - - ORBITER FUEL \
g CELLONLY
« 294W PEP
g REQUIREMENT
» | . N\ N
2
3 ‘
& Z
8 /
a o+ /
3 /
3 /
x
< /
2 | , %
o % é ,
NONE SUSTAINED MAXIMUM
FLA.SH EVAPORATION

Figure 3.2.4-3. Heat-Rejection Performance, Earth Viewing (45-Deg Roll)
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1.4 to 3.5 kW are possible with the PEP except for sustained operation, which
is 1.5 kW lower. Sustained performance is lower because reduced fuel cell
operation results in less water available for flash evaporator use.

Improved earth-viewing performance is obtained for the orientation shown in
Figure 3.2.4-3, which is nose along velocity vector with bay 45 deg from local
vertical. Higher power levels ranging from 3.3 to 5 kW are obtained with no
and maximum flash evaporation, respectively. A 1.8-kW lower capability exists
for sustained operation for the reason mentioned above for X-POP orientation.
The Orbiter/PEP configuration can operate at significantly higher power levels
than Orbiter alone. The 3.3-kW improvement for no flash evaporation is of par-

ticular significance for experiments sensitive to water vapor in the vicinity
of Orbiter.

A favorable orientation is depicted in Figure 3.2.4-4, which is nose gravity
gradient with constant roll tu. reduce solar impingement on the radiators. This
type of orientation is typical of long-duration, low-gravity missions with
low-RCS propellant consumption. Life science and material processing experi-

ments fall into this payload category. Data in the figure show that a 29-kW
power level can be sustained without flash evaporator system use.

Solar pointing performance at 90-deg Beta angle is shown in Figure 3.2.4-S.
The power level limit is 2,7 kW higher for no flash evaporation, but the level
for sustained is only 0.5 kW higher. This is because the fuel cells operate at
idle during the entire orbit and only generate 1.53 lb/orbit (0.7 kg/orbit) of
water for cooling use. The maximum PEP power output of 29 kW can be obtained
however at higher water use rates by the flash evaporetor system.

Performance for earth viewing and low-g orientations are for zero-degree Beta
anglc. Performance will tend to improve at higher Beta angles. This effect can
be seen in Figure 3.2.4-6, which gives performance for Beta angles from 0 to
90 deg for a stellar viewing orientation. This represents bay inertially ori-
ented with nose perpendicular to the orbit plane. The 29-kW maximum PEP power
level can be accommodated at high Beta angles for no flash evaporator use. A

power level of up to 27.3 kW can be accommodated at low Beta angles with no
flash evaporation,
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Water balance impacts available heat rejection for Orbiter due to effects on
water available for flash evaporator use, Figure 3.2.4-7 shows water balance
as a function of electrical power level for earth-viewing orientation with
4S-~-deg roll. Fuel cell rate of produced water increases as power level
increases. Crew needs are constant at 1.47 1b/hr (0.67 kg/hr).

Flash evaporation is -equired above the 20.9-kW power level as shown in the
figure, The available water rate just matches the required rate at 24.6 kW.
Above this power level, stored water is needed and on-board stores are being
reduced. Below 24.6 kW, water is being stored. Maximum water usage occurs at
35 kW, and water rate through the flash evaporator system amounts to 30 1b/hr
(13.6 kg/hr).

4 A i " o 4 3 -

=

The Orbiter water storage is limited normally to 165 1lb (75 kg). Therefore, a
time limit exists for duration of operation where water is being stored or
debleted.

ait 4
!. » r-\A’

Figure 3.2.4-8 gives time limits for storing or depleting water in the storage
tank as a function of electrical power level. Data is given for both Orbiter
alone and Orbiter with PEP. During Orbiter/PEP operation, water is stored
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Figure 3.2.4-7. Orbiter/PEP Water Balsnce With Flash Evaporator Cooling
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Figure 3.2.4-8. Water Store and Flash Evaporator Hold Times

below 2U.6 kW where use rate is less than fuel cell production rate. As the
electrical power is reduced, the water storage rate increases because the use
rate decreases faster than the production rate (see slope of rate lines in
Figure 3.2.4-8). Minimum storage time occurs at 20.9 kW when zero water is
needed for flash evaporation. Storage time increases below this point because
production of fuel cells decreases as power decrcases.

Storage times for Orbiter/PEP are shorter than for Orbiter only because more
water is produced relative to use requirements and because the storage time

curves are shifted because of lower heat-rejection loads for Orbiter than for
Orbiter/PEP.

The length of time that power levels can be sustained when water is being
depleted is greater for Orbiter only. This is due to the shift in curves to
the right for Orbiter-only operation because of higher heat-rejection require-
ments. More water is produced for Orbiter only because of higher fuel cell

operating levels but more water is required because of fuel cell waste heat
loads.
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Each orientation has a characteristic curve such as that shown in Figure
3.2.4-8. The difference in each curve will be primarily a shifting to right or
left corresponding to the point the where net water storage or depletion rate
is zero. Beta angle also has a significant effect because of the influence of
heat-rejection performance and water production due to changes in fuel cell
idle times.

3.2.4.3 Major Trades and Analyses

The reference PEP thermal control subsystem design is a result of a number of
trades and analyses which are summarized in Table 3.2.4-2, A key analysis
examined the adequacy of the Orbiter to reject all heat while it was operating
in the PEP mode. The analysis showed that PEP operation results in lower heat-
rejection requirements, thereby allowing higher electrical power levels than
the fuel-cell-powered Orbiter without PEP. Some severe orientations may
require flash evaporation cooling or modified orientations for heat-rejection
improvgments.

Several performance improvements were considered and the option to increase
the forward radiator deployment angle from 35 deg to 60 deg was recommended.
This option improves rejection from the underside of the panels and reduces
environment heat influx for several severe orientations. Charge of the deploy-
ment angle has a minimal cost impact.

Use of passive cooling for the PEP voltage regulators is a promising option
which significantly imbroves performance for a small cost. The option was
studied in the trade called thermal control configuration. The passive concept
costs $500,000 more and weighs 38 1b (17.3 kg) more than the reference active
design. Benefits include higher allowable power levels of up to 3.4 kW,
simplified ground processing, and elimination of Orbiter serial impact for
initial installation of 34.5 hr. The serial impact time can corrz2spond to
costs as high as $690,000. Safety and reliability are also enhanced by elimi-
nation of the fluid interfaces.

3.2.4.4 Thermal Control Subsystem Description

The PEP thermal control subsystem consists of cold plates, lines, and connect-
ors to provide cooling to the PEP voltage regulators., This cooling, amounting

to about 3 kW, is required on the sun side of the orbit when power is provided
by the solar array.
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Table 3.2.4-2, Summary of Thermal Control Subsystem
Major Trades and Analyses

Trade/analysis

Result

Alternate methods of heat rejection

Performance analysis

Thermal control configuration
definition, active versus
passive

PEP/Orbiter interface analyses

EVA considerations

Avionics cooling ”

Separate radiator costly and com-
plex and reduces resources to
payloads

60 deg radiator deployment
recommended

Solid amine CO control not
required tut w%ll increase
capability

Orbiter adequate for heat
re_ ection

Flash evaporator system operation
required for severe orientations

Passive results in:

A. Power levels up to 3.4 kW
higher

B. Adequate temperature control
of regulators

C. 38 1b more weight and $500,000
higher cost

D. Tmproved safety and
reliability

E. 34,5 hr serial impact time
saved for initial installation

F. Simplified grouni processing

G. Reduced Orbiter SCAR and
modication cost

Orbiter aft cold-plate loop can
provide PEP cooling

PCP and Orbiter loop compatible,
AF, total pressure and temperature

Physical interface is compatible
Design criteria established for PEP

Planned EVA routes may require
slight modification

Passive cooling adequate

Heaters required for some
components

4
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The six regulators are mounted on three cold plates, two regulators to each
cold plate. The cold plate has two separate pasaageways, one for the primary ~
loop and one for the secondary lcop. Freon 21 from the primary aft cold-plate
loop flows through the primary passageways of the three cold plates in paral-
lel. Similarly, the secondary aft cold-plate loop flows through the secondary
cold-plate passageways in parallel. This arrangement maintains separation of
the two loops for safety reasons and balances the heat load equally batween
loops.

The physical arrangement is shown in Figwe 3.2,4~9, The two aft cold-plate
loops run down either side of the Orbiter bay and disconnects are provided to
interface with the Orbiter loops. Jumpers are installed when the PEP is not
used in the Orbiter. The pressure drop of these jumpers is comparable to the
PEP thermal control loops, thus preventing flow balance change in the Orbiter
system when PEP is not being flown.

PEP avionics components located on the array deployement assembly are not con-
ducive to liquid cooling. They are cooled by passive means with preferential

mounting, thermal coatings, insulation, and electrical heaters. Passive means
are also employed for thermal contro. of the power-distribution box located on

the PRCA.

ROTATING

- \ - . )\\
DISCONNECTS
SPACE
LAB
(TUNNEL
4 OMITTED ARRAY DEPLOYMENT
FORWARD FOR CLARTY- ASSEMBLY
\ o STRONG BACK
CONFIGURATION
\ AFT COLD
//// \ PLATE LOOP POWER REGULATION AND
I \ CONTROL ASSEMBLY
g o BEAM MOUNTED

Figure 3.2.4-9. PEP Referance Cont.guration Mountsd in Orbiter
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Section 4

INTERFACE DEFINITION

4.1 PEP EXTERNAL INTERFACES

The PEP, shown in Figure 4-1, contains all the flight hardware which is
installed and flown on PEP missions and cor.sists of the ADA, the PRCA, and an
interface kit to accommodate nonstardard interfaces. PEP flight hardware
interfaces externally with the Orbiter, the RMS, and the flight crew for oper-
ation and monitoring. PEP internal interfaces have been defined between the
major hardware elements within the ADA %o flacilitate procurement of these

individuai elements.

The PEP hardware, as described above, interfaces directly with the Orbiter and
with the RMS, Where standard provisions do not apply, the Orbiter and RMS will

accommodate PEP interfaces by means of hardware modifications. These

POWER EXTENSION PACKAGE |
ARRAY «STRUCTURAL/MECHANICAL
A YMENT «AVIONICS AND CONTROL
ASSEMBLY REMOTE
MANIPULATOR
SYSTEM
POWER
REGULATION AND e
CONTROL ASSEMBLY #STRUCTURAL/MECHANICAL
@ELECTRICAL POWER 1
«AVIONICS AND CONTROL
INTERFACE ¢ THERMAL CONTROL
KIT
e
RBI M
SPACELAB ORBITER AND PEP
OTHER PAYLOADS
UTILIZING SPEE == -
WIRING
LEGEND === CREwW
DIRECT PEP INTERFACES

s anmm == PEP RELATED INTERFACES
Figure 4-1. PEP Program Elements and Interfaces
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modifications are referred to as scar, since they will generally be flown on
non-PEP as well as PEP missions.

The interface between the Orbiter and the RMS is also a consideration for PEP
missions for the following réasons: 7

o The RMS represents the means of communication between the deployable
(ADA) and fixed (PRCA) assemblies of the PEP. This communicetion is further
routed via the Orbiter to utilize standard provisions. (For example, in the
event the RMS must be jettisoned for safe Orbiter return, wiring is severed by
the Orbiter guillotine.)

.

o The RMS is operated frum the AFD crew station for lifting, maneuvering, -

holding, and returning the PEP ADA. A schematic representation of RMS control
and monitoring is shown in Figure 4-2,

CREW BULKHEAD CARGO
Xﬂgﬂ"""‘/ “OMPARTMENT T gAYy
HAND CONTROL END EFFECTOR
,(' COMMANDED RATES ARE
WINDOW RESOLVED IN GPC TO PROVIDE
VIEW THE REQUIRED SIX DEGREES
k ' OF FREEDOM JOINT RATES
D’\{qw
// SPECIAL
WRIST CCTV PURPOSE
AND LIGHTS END EFFECTOR
\
\ ELBOW CCTV
4 Y ON PAN AND THERMAL
VIDEO Rod Lyl PEP ADA PROTECTION KIT
LN
\ CCTVs
e -
LEGEND ""
MCIU — MANIPULATOR CONTROLLER INTERFACE UNIT IO |
GPC - GENERAL PURPOSE COMPUTER -
RHC - ROTATIONAL HAND CONTROLLER
THC - TRANSLATIONAL HAND CONTROLLER RETENTIUN
CRT ~ CATHODE RAY TUBE DEVICES

KYBD — KEYBOARD

Figure 4-2. RMS Control and Monitoring

In addition to crew operation of the RMS via the Oriiter, crew operation and
monitoring of the PEP utilizes display and control provisions at the AFD crew

station. Included among these provisions is viewing through windows and via
CCTV monitors.
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Interfaces of the Orbiter with the tunnel and with the Spacelab were also con-
sidered because of envelope considerations and because these elements share
the use of Orbiter bridge fittings with the PEP ADA. In the case of the tun-
nel, the existing tunnel bridge fittings will not accommodate the PEP ADA and
therefore are replaced with Orbiter standard bridge fittings available for
payload application.

During operation, the PEP uses the RMS and its SPEE wiring. If another payload
on the same mission requires use of the RMS, the PEP ADA will be restowed
temporarily in the Orbiter cargo bay to free the RMS for other usage. If this
payload also requires use of the RMS SPEE wiring, a means of switching (or
sharing) is provided within the Orbiter. Such provision, while not currently

standard, is also required to support two or mo. e such payloads on a non-PEP
flight.

Figure 4-3 represents an expansion of PEP system interfaces of Figure 4-1.
Here, the blocks labeled PEP, RMS, and Orbiter are subdivided into their
re.pective elements that affect interfrce definition. The subdivision within
the RMS and the Orbiter should be considered for reference only; they are
identified here only to facilitate understanding of the resulting interfaces.

The following paragraphs will employ Figure 4-3 to summ:z-ize the following PEP
interfaces:

e PEP to Orbiter [nterfaces - Paragraph 4.1.1

® Orbiter to RMS Interfaces - Paragraph 4.1.2

e PEP to RMS Interfaces - Paragraph 4,1.3

The inte: face designations in parentheses are per Interface Definition Docu-
ment (IDD), Power Extension Package, SOD 79-0117, which should be consulced
for more detailed definition.

4,1.1 PEP to Orbiter Interfaces

Figure u-3.identifies physical interface: between PEP hardware element.s and

the Orbiter. The number pre.ixes to the interface descriptions below corre-
spond to Figure 4-3 identifiers. From left to right, these interfaces are:
1. Mounting interfaces (S3, S2) between PEP ADA support hardware and
Orbiter standard bridge fittings (Figure 4-U). The PEP side of the interface
includes three retention latches (two starbLoard, one port; S3) and a lateral
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Figure 4-3. PEP System Interfaces
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Note: Interfaces Betwesn PEP Subsystems not Shown for Clarity and
Dependence on Design Solution.
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load reaction fitting (starboard; S2). The Orbiter side of the interface
includes three bridge fittings (two starboard, one pori). The port bridge
fitting and the forward starboard bridge fitting are shared by the PEP ADA and
the tunnel. The aft starboard bridge fitting is shared by the PEP ADA and the
Spacelab. No keel interface exists. Relative deflection is accommodated by the
PEP side of the interface.

2. Electrical connector interfaces (P8, D10) at each of above three PEP
retention latches for power (P8) and command (D10). The Orbiter side connector
halves are standard payload provisions., The crew initiates latch open and
close functions at the AFD during ADA deployment and restowage operations.

3. Electrical connector interface (D6) between PEP data bus cable and
Orbiter data bus. This interface provides the link between PEP and Orbiter
GPC, display processor, CRT and keyboard for crew operation and monitoring of
PEP.

4, Cable support interface (S10) between PEl data bus cable and Orbiter
clamps provided in payload bay.

5. Mounting interfaces (S4) between PEP PRCA support hardware and Orbiter
cargc bay longerons. The PEP side of the interface includes two custom bridge
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fittings (one starboard, one port). The Orbiter side of the interface includes
bolt holes and bonded spacers (to stand off bridge fittings from side walis).
No keel interface exists. Relative deflection is accommodated by PEP side of
interface.

6. Plumbing support interface (S6) between PEP PRCA flexible :oolant
lines and Orbiter clamps provided in payload bay.

7. Electrical harness support interfaces (S8, Si14, S16) between PEP elec-
trical harnesses and Orbiter clamps provided in payload bay.

8. Self-sealing Freon 21 disconnect interfaces (F2) bectween PEP PRCA
thermal control susbsystem and two coolant interface panel: provided by
Orbiter in cargo bay (cne starboard, Figure 4-5; one port, Figure 4-6). The
PEP side of the interface consists of four disconnect halves on flexible
coolant lines that extend from the PRCA. The Orbiter side of the interface
consists nf four fixed, corresponding disconnect halves. Two disconnects (one
supply, one return) are located at each panel. For non-PEP missions, two jump-
ers are substituted for the PEP lines to provide flow continuity in Orbiter

coolant loops. These jumpers are not flown on PEP missions.

COOLANT

ELECTRICAL
INTERFACE
PANELS

WIRE TRAY (REFERENCE)~  \

Figure 4-5. Orbiter Interface Panels — Starboard
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Figure 4-6. Jrbites Interface Panels — Port

9. Electrical connector interfaces (P4, D2, D4, D7) between PEP electri-
cal harnesses and two electrical interface panels provided by tne Orbiter in
cargo bay (one starboard, one port).

The starboard panel (Figure 4-5) includes the following connectors:

a. Regulated power (and returns) from PEP to Orbiter power buses B
and C (P4).

b. Voltage sensing (and returns) by PEP of Orbiter power buses B and
c (p2).

c. Activation signal to enable PEP PRCA to draw current through
interface 9a above for initial activation (D4). The crew initiates this signal
by a switch provided at the AFD.

d. Data/command signals that link PEP PRCA with PEP ADA (D7). These
signals are routed via Orbiter and RMS in order to utilize existing provisions
and to enuble sharing of SPEE wiring with another payload.

The port panel (Figure 4-6) includes the following connectors:

a, Regulated power supply (and returns) from PEP to Orbiter power
bus A (P4).

b. Voltage sensing (and returns) by PEP of Orbiter power bus A (D2).
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4.1.2 Orbiter to RMS Interfaces
Figure 4-3 identifies physical interfaces between the Orbiter and the RMS.
While these physical interfaces do not affect PEP per se, some of the corre-

sponding functions apply. From left to right, these interfaces are:

10. Electrical connector interface (D12) at RMS shoulder. This is a
standard provision, utilized in this case to transmit the data/command signals
identified in 9d (Paragraph 4.1.1) from the Orbiter to the RMS.

"1. Electrical connector interface (D12) at RMS shoulder. This is a
standard provision utilized in this case to transmit an activation signal to
+he RMS relays, that énables PEP ADA to draw current via the interfaces
identified in 12 and in 16 (Paragraph 4.1.3) below. The crew initiates this
signal by the same AFD switch identified in 9c¢ (Paragraph 4.1.1).

12. Electrical connector interface (P7) at RM3 shoulder. This is a
standard provision that supplies power for normal RMS functions. In this case,
power is also supplied to the RMS relays, identified in 11 above,

13. Electrical connector interface (D9) at RMS shoulder. This is a
standard provision that transmits data/command signals for normal RMS func-
tions. There is no PEP interface.

14, Mounting interface (S12) between RMS and Orbiter. This is a standard

provisicn. There is no PEP interface.

4,1.3 PEP to RMS Interfaces
Figure 4-3 identifies physical interfaces between PEP hardware elements and

the RMS. These interfaces are:

15. Mechanical mate/demate interface (S13) between the RMS SPEE and the
PEP ADA structure. The PEP side of the interface Ltilizes a standard grapple
fixture (Figure 4-7) that is designed to mate with the RMS SPEE. The mate/
demate operation is controlled ard monitored by the crew from the AFD (Figure
4-2).

16. Electrical connector interface (D8, P6) between the RMS SPEE and the
PEP ADA Avionics and Control Subsystem. The PEP side of the interface is a
connector half, integral with the grapple fixture identified in Item 15 above,
The electrical mating/demating occurs automatically as a result of the mechan-
ical mating/demating. Through this connector are transmitted the data/command
signals (D8) identified in 9d (Paragraph 4.1.1) and 10 (Paragraph 4.1.2),
together with electrical power (P6) via the RMS relays).
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17. Cable support interface (S15) between the PEP RMS power cable and the
attacﬁment provisions on the RMS. The PEP side of the interface consists of
the primary cables that transmit unregulated power from the PEP ADA to the PEP
PRCA. The RMS side of the interface consists of clamps and bracketry designed
to support the cables in such a nanﬁer as to permit RMS joint movement., Mate/
demate provisions at both ends of the cables are effected within the PEP side
of the interface.

4.2 PEP INTERNAL INTERFACES
Figure 4-8 is a functional block diagram of the PEP reference configuration.
During the study, this diagram has been updated to reflect evolution of design

and interface definition. The designated interfaces: PEP to Orbiter, Orbiter
to RMS, and PEP to RMS are as discussed in Section 4.1,

The interfaces among the hardware elements that comprise the PEP reference
configuration are also shown in Figure 4-8., In general, these PEP internal
interfaces are controlled within the production drawing system, including pro-
curement specifications.
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Of the procurement items, the solar array represents a key element in terms of
interface definition. The following paragraphs treat these interfaces for the
PEP reference configuration (Section 4.2.1) and for the solar array module
variation of this configuration (Section 4.2,2).

v
)

4.2.1 PEP Reference Configuration :
The hardware elements that comprise the PEP ADA are illustrated in Figure 4-9.
Included among these elements are two wing box assemblies, two mast

assemblies, and a single canister support assembly. The interfaces affecting
these elements are designated in Figure 4-8 and are tabulated below.

S20 Wing box structural support

P20 Wing box power output

D20 Wing box instrumentation

S23 Wing box/mast mechanical linkage (array deployment)

S25 Canister structural support (rotation, suspension, and lockout)

S24 Canister latching (stowage)

P21 Mast drive actuator power

D22 Mast assembly instrumentation and control
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ARRAY POINTING
. AND CONTROL
ELECTRONICS ASSEMBLY

INSTRUMENTATION
AND CONTROL HARNESSES

Figure 4-9, PEP ADA — Reference Configuration
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D21 Latch assembly instrumentation and control
S21 Pivot assembly structural support

If more than one of the hardware elements are procured from the same supplier,
then the interfaces between these elements are controlled within that suppli-
er's Jrawing system (e.g., Interface S23, wing box/mast mechanical linkage

would be the internal responsibility of a supplier of both the wing box assem-

bly and the mast assembly). Interfaces between supplier hardware elements and
other elements are controlled by procurement specification.

§,2.2 Solar Array Module Variation

A variation to the PEP ADA reference configuration exists that includes two
solar array modules (Figure 4-10). Each module incorporates the hardware nec-
essary to perform the combined functions of the wing box assembly, mast assem-
bly, and canister support assembly of the reference configuration. Referring
to Figure 4-8, and the tabulation of Section 4.2.1, Interface S21 then becomes
an internal solar array module interface (i.e., mounting is directly to the
wing box structure). Thus, Interface S21 and internal Interfaces S23, S24, and
825 are controlled within the solar array module supplier's drawing system.

The remaining external Interfaces P20, S20, D20, D21, D22, and P21 are
controlled by the solar array module procurement specification.

DIODE ASSEMBLY IMBAL ASSEMBLY

SOLAR ARRAY
MODULE

DIODE ASSEMBLY

CONTROL

ELECTRONICS ASSEMBLY STRUCTURE ASSEMBLY

SUN SENSORS
Figure 4-10, PEP ADA — Solar Array Module Variation | SIGNAL PROCESSOR
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